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ABSTRACT 

 

The explanatory notes to the qualification paper on the theme “Optimization of 

transport process technologies between logistics systems” comprises of 119 pages, 19 tables, 

19 figures and 43 references. 

KEY WORDS: LOGISTICS, ORTIMIZATION, TRANSPORT, TECHNOLOGIES. 

The relevance of the qualification paper. In the current conditions in Ukraine, the 

relevance of the complex formation of the material and technical base in agriculture and 

its rational use is growing. One of the main places in the material and technical base is 

given to transport. The completeness and timeliness of technological processes, as well 

as the level of productivity of the crop and animal husbandry industries, depend on the 

coordinated and rhythmic operation of transport.   

The purpose of the research is to analyze, justify and develop recommendations 

for optimizing the harvesting and transportation of grain to the elevator. 

The object of the research is transport process technologies in logistics systems. 

The subject of the research is the theoretical basis and practical solutions for 

improving the process of harvesting and transportation of grain crops of Grain Alliance 

(Baryshivska Grain Company LLC). 

The research methods. The research methods such as statistical analysis, comparative 

and graphical analysis, SWOT-analysis, systematization and generalization, statistical 

methods of numerical data research were used: economic analysis method - for research 

changes in economic indicators of the enterprise, the method of discounting - to determine 

the effectiveness of the proposed project. 

The results of work. It was proposed to implement a project for improving the process 

of harvesting and transportation of grain crops using a hopper-transloader of grain. 

Recommendations for the use of work results. The results of the study can be used 

by domestic agricultural companies to improve the process of harvesting and transportation 

of grain crops, in particular LLC " Baryshivska Grain Company ". 
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The results of research implementation. The proposals developed in the thesis were 

presented to the management of Baryshivska Grain Company LLC, where the possibility of 

their practical application was recognized (Appendix A). 
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INTRODUCTION 

 

 

The relevance of the qualification paper. In the current conditions in Ukraine, the 

relevance of the complex formation of the material and technical base in agriculture and 

its rational use is growing. One of the main places in the material and technical base is 

given to transport. The completeness and timeliness of technological processes, as well 

as the level of productivity of the crop and animal husbandry industries, depend on the 

coordinated and rhythmic operation of transport.   

The purpose of the research is to analyze, justify and develop recommendations 

for optimizing the harvesting and transportation of grain to the elevator. 

The main tasks the research are: 

- studying logistic criteria as diagnostic indicators of the level of efficiency of 

transport processes; 

- disclosing the optimization principles as mechanisms for ensuring the efficiency 

of technologies in transport processes; 

- analyzing the Grain Alliance (Baryshivska Grain Company LLC) economic 

activity and logistics system; 

- assessing performance indicators of the Grain Alliance complex transport 

components and logistics system;  

- determining possible ways to develop logistics system of Grain Alliance; 

- developing proposals to optimize logistics processes of the "Grain Alliance" and 

evaluating their efficiency. 

The object of the research is transport process technologies in logistics systems. 

The subject of the research is the theoretical basis and practical solutions for 

improving the process of harvesting and transportation of grain crops of Grain Alliance 

(Baryshivska Grain Company LLC).  
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The theoretical basis of the research is the results of theoretical, research, 

experimental and analytical developments of domestic and foreign experts, scientists and 

specialists in the field of economic management and logistics activities, analytically 

processed statistical data on the development of logistics activities in agro business for 

2016-2023, available reports and forecast data of international organizations regarding 

economic development trends. 

The practical basis of the study is the analytically processed statistical data on the 

development of logistics activities for 2016-2023, the available reporting and forecast 

data of the Baryshivska Grain Company LLC regarding the management of logistics 

activities. 

The basis of the research was Baryshivska Grain Company LLC. 

Research methods. Research methods such as statistical analysis, comparative and 

graphic analysis, SWOT analysis, systematization and generalization, statistical methods 

of numerical data research were used in the work: the economic analysis method - for 

researching changes in the economic indicators of the enterprise, the discounting method 

- for determining the effectiveness of the proposed project. 

The information base of the study was: laws of Ukraine, regulatory acts of the 

Cabinet of Ministers of Ukraine, official data of the State Statistics Service of Ukraine 

and the European Statistical Bureau, the Organization for Economic Cooperation and 

Development, the Agency for the Development of the Infrastructure of the Stock Market 

of Ukraine, data from the financial and management reporting of enterprises, the results 

of their own research, scientific publications, Internet resources. 

Practical significance. Conclusions and recommendations be applied to the 

management of logistics activities of Baryshivska Grain Company LLC, which will allow 

to optimize the transport logistics of the enterprise, strengthen its position on the market, 

and increase the competitiveness of the enterprise. 

 

 



CHAPTER 1 

PECULIARITIES OF LOGISTIC CHARACTERISTICS OF OPTIMIZATION 

TECHNOLOGIES IN TRANSPORT PROCESSES 
 

 

1.1. Logistic criteria as diagnostic indicators of the level of efficiency of 

transport processes. 

 

It is very important for logistics companies to save on transport costs, and it is also 

very important for society as a whole. In order to minimize transport costs, an important 

issue is how to select and evaluate logistics service providers scientifically correctly. 

Evaluation of transportation efficiency is an important component for consideration of 

logistics service providers. 

Evaluation of the efficiency of transportation refers to the evaluation of the 

efficiency of the transport activity or the transport process. As a rule, it meets the uniform 

evaluation criteria, adopting a certain system of indices, following certain procedures, 

using qualitative and quantitative methods, making a comprehensive judgment about a 

certain period of time of the transport activity or the efficiency and effectiveness of the 

process. Evaluation of transport efficiency is the main steps for logistics enterprises and 

other related enterprises. With the help of evaluation of transportation efficiency, 

logistics companies can optimize the process, improve economic benefits [1]. 

The process of cargo transportation affects a large number of participants in the 

transportation process and must be considered comprehensively on the basis of 

technology agreed by all parties and based on regulatory documents or the results of 

engineering preparation of transportation. Value and some natural indicators can 

characterize changes that occur both in separate systems of transportation, production, 

storage, consumption, and in total.   
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One of the main aspects is the criteria for the efficiency of product delivery. Its 

choice depends on the specific conditions of transportation and the task to be solved. The 

national economic efficiency of the delivery process depends on many factors that make 

it difficult to determine the criterion of optimality in general. The solution to the tasks of 

organizing the rational interaction of the processes of the production, material and 

technical supply and consumption systems with the processes of transport and the 

interaction of individual types of transport makes it necessary to consider integral 

integrated transport and technological systems.  

At the same time, a higher overall efficiency is ensured in comparison with the total 

efficiency of the parts taken separately. The economic efficiency of the transport process 

is evaluated by local and complex, natural and economic indicators, as well as indicators 

of the non-transport effect. Local efficiency criteria are applied if the compared 

transportation options differ in one single indicator. Complex performance indicators are 

used when the measures taken simultaneously change several characteristics of the 

transport process. Technological parameters of the transport process are often used as 

local or partial efficiency indicators. Most scientists accept minimum costs as a criterion 

for optimization, although in some cases it is suggested to maximize volumes and profits. 

However, in the conditions of variable demand, cost minimization does not give a 

complete picture of the successful operation of the system [2]. 

Transport logistics, as an integral part of the overall logistics system, helps to solve 

three main tasks of this system, namely the tasks related to: 

1) formation of service market areas, material flow forecasting, material flow 

processing in the serviced system (supplier, consumer, wholesale trade company 

warehouse) and other work on operational management and regulation of material flow; 

2) development of a transport process organization system (transportation plan, 

activity distribution plan, cargo flow formation plan, vehicle movement schedule, etc.); 

3) management of stocks and their maintenance by vehicles, information 

systems [3]. 

Based on the tasks of transport logistics, it is also possible to determine the main 

criteria for the efficiency of transport logistics (Table 1.1). 
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Table 1.1 

The main criteria for the efficiency of transport logistics 

Indicator Calculation method Explanation 

Congestion of 

transport capacities 

𝐴𝑐𝑡𝑢𝑎𝑙 𝑙𝑜𝑎𝑑𝑖𝑛𝑔 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑖𝑒𝑠

𝑁𝑜𝑟𝑚𝑎𝑡𝑖𝑣𝑒 𝑙𝑜𝑎𝑑𝑖𝑛𝑔 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑖𝑒𝑠
× 100 

The indicator 

characterizes the actual load of 

transport capacities and 

reflects how efficiently the 

enterprise uses vehicles. 

Profitability of 

sales channels 

𝑇ℎ𝑒 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑔𝑟𝑜𝑠𝑠 𝑝𝑟𝑜𝑓𝑖𝑡

𝑇𝑜𝑡𝑎𝑙 𝑒𝑥𝑝𝑒𝑛𝑠𝑒𝑠 𝑓𝑜𝑟 𝑠𝑎𝑙𝑒 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠
× 100 

The indicator reflects 

how profitable the transport 

logistics of the enterprise is. 

Reliability of delivery 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑛 𝑡𝑖𝑚𝑒 𝑐𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑑 𝑜𝑟𝑑𝑒𝑟𝑠

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑟𝑑𝑒𝑟𝑠
× 100 

It is one of the basic 

indicators of the quality of 

work of a transport enterprise 

and is one of the decisive 

factors in the choice of a 

carrier by a client. 

Summarized 

national economic 

expenses 

𝐸1 + 𝑘𝑛 + 𝐸2, 

 

where 𝐸1 is operating costs, 
𝑘𝑛 is the normative efficiency ratio of 

capital investments, 𝐸2 is capital 

investment in permanent devices, 

rolling stock, cargo weight. 

The indicator reflects 
the amount of current costs 

and capital investments in the 

transport component. 

Productivity of the 

vehicle 

𝑇×𝑔×𝑘
2𝐿

𝑉
+𝑡

, 

 

where 𝑇 is the duration of the 

shift (8 hours), 𝑔 is the carrying 

capacity of the car, t; 𝑘  – coefficient of 

use of motor vehicles per shift, 𝐿 - 

average distance of cargo 

transportation, km; 𝑉 – average speed 

of movement, km/h; 𝑡 is the idle time 

of the vehicle under load and 

unloading. 

The indicator reflects 

how efficient the use of 

vehicles is. 
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Source: developed by the author based on [4]  

Costs and delivery time play a key role in choosing a transportation method. Since 

costs are an assessment criterion for determining the optimal technological scheme of 

transportation, one cannot fail to take into account the fact that costs depend on the term 

of cargo delivery. As the delivery time increases or decreases, the transportation costs also 

change. In addition, delivery time is one of the main indicators, as it defines the latest 

logistics concepts, where time plays a key role. 

On the other hand, it is the transit time that testifies to the reliability of the selected 

transportation scheme. In addition, reducing the delivery time usually gives the company 

significant competitive advantages in the finished products market. Therefore, it is worth 

setting the term of cargo delivery as a generalizing parameter. 

Also, among the set of criteria that are used in solving problems of transportation 

organization, the following are of greatest interest: 

- delivery of goods "just in time"; 

- duration of cargo delivery; 

- cargo transportation costs; 

- performance of vehicles; 

- productivity of loading and unloading mechanisms; 

- energy intensity of transport and technological operations; 

- energy consumption of transportation; 

- specific labor intensity of the complex of transport and technological operations; 

- cost of transportation; 

- profit from transportation [4]. 

"Just-in-time" cargo delivery is characterized by meeting the demands of 

consumers for cargo transportation within the scheduled time. This is achieved by the 

rational coordination of the operation of transport and systems that serve and consume 

transport products, that is, the service. The criterion is the actual time of cargo delivery, 

which must be less than the time specified in the cargo transportation contract. The actual 

delivery time affects the length of the turnover period of material resources. Its reduction 
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allows you to free up part of the material resources for further production use. 

Nevertheless, the optimization criterion chosen for the specific conditions of the task 

(determination of a rational variant of the organization of delivery) should reflect the final 

results of production activities. For the carrier, the cost of delivery is of primary 

importance. One of the most important criteria from the point of view of the consumer of 

transport services is the total cost of delivering products from the supplier's warehouse to 

the consumer's warehouse, i.e. the total costs of the entire logistics chain. Therefore, the 

cost of transportation is often chosen as a criterion of optimality. The cost of 

transportation is a general indicator of the operation of transport and represents the cost 

of performing a unit of transport products. The authors in [5] proposed aggregated 

national and economic costs as a criterion for the efficiency of transport logistics. 

Some authors claim that the criterion of efficiency should be profit maximization. 

However, such an approach can be focused on changing the tariff policy and increasing 

the volume of services without implementing rational technological measures. In the 

paper [6], the indicator that takes into account the ratio of profit and income using the 

energy approach when determining the constituent parts of these characteristics was 

chosen as a criterion for the efficiency of the operation of road transport in the logistics 

system. 

In the paper [7], it is proposed to use the specific costs related to the completed 

transport work as a criterion for choosing a delivery scheme. This indicator can be used 

for significant transportation distances, which are relatively close in value for alternative 

schemes. Otherwise, it is clear in advance that the rational delivery scheme will turn out 

to be the one where the value of the transportation distance is the greatest, and this leads 

to the deterioration of other technological parameters, such as, delivery time, irrational 

use of rolling stock, etc. When choosing optimal routes based on the criterion of total 

transport costs, the costs of transportation in general are taken into account, but this does 

not give the delivery subjects complete information about the time of delivery of the cargo 

[8]. 

Since the operational costs of cargo delivery have the largest share, the total costs 

tend to increase with the increase of the consignment. In general, the proposed criterion 
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has advantages, but the most appropriate is the use of specific costs. To choose the optimal 

type of connection in the work [9], the author proposed as an efficiency criterion the total 

costs, which take into account the total costs of the customer of the transport service, 

related to the costs of delivery and ensuring the quality of customer service. However, 

such a criterion takes into account only the interests of the cargo owner, does not take into 

account the size of the consignment and the competitive advantages of individual 

transport and technological schemes. In [10], a criterion for the effectiveness of the 

interaction between the RRC and cargo owners is proposed, which is an integrated total 

effect from a reduction in transportation costs, from a reduction in cargo delivery terms, 

as a result of which there is a decrease in the duration of the capital turnover cycle for 

cargo owners, from an increase in the inflow of funds in budget due to the reduction of 

cargo delivery times. However, this criterion does not take into account the risks that are 

characteristic of market situations, especially when individual subsystems interact. 

Zeitgaml's gap model should also be considered to assess the reasons for consumer 

dissatisfaction with the quality of transport and forwarding services. This model describes 

the way to realize the expectations of buyers regarding the quality of the transport service 

and the reasons for possible dissatisfaction (Fig. 1.1). 

In the scheme of Fig. 1.1 highlights five reasons and corresponding levels of 

customer dissatisfaction with the quality of transport and logistics services in the 

organization of freight transportation. Thus, we highlight five "discrepancies": 

1. Gap 1 – the difference (gap) between the consumer's expectations of the quality 

of the transport and logistics service and the perception of these expectations by the 

company's logistics management; 

2. Gap 2 – the difference between the perception of customer expectations by the 

company's logistics management and the specifications that determine the quality of the 

transport and logistics service; 

3. Gap 3 – the difference between the service quality specification standards and 

the actual "delivery" of logistics services; 
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Fig. 1.1 Scheme of discrepancies in Zeitgaml's GAP model [11]  

4. Gap 4 - gap between the quality of the provided services and external information 

about this quality, usually through marketing communications; 

5. Gap 5 – the gap between the formed expectations of consumers regarding the 

quality of the service and the actually received service and, accordingly, its perception 

[11]. 

Therefore, the efficiency of transportation is evaluated by a system of indicators, 

among which special attention is paid to the following: duration and timeliness of cargo 

delivery; cargo loss during transportation; performance of vehicles and loading and 

unloading mechanisms; energy intensity of transportation; delivery cost, transport 

enterprise profit. The following criteria can also be used: general costs for cargo delivery, 

specific costs related to 1 ton of cargo, reduced costs, etc. Scientists propose to use a 

multi-criteria approach in transportation planning, which helps to choose a rational 

process flow technology and increase its efficiency. However, the criteria proposed by the 

authors do not describe in sufficient detail the process of transporting goods in 

international traffic, and do not take into account the peculiarities of customs procedures. 

Risks are not the least important. 
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Based on the results of the analysis, efficiency criteria can be classified by scope 

of application (choice of delivery method, choice of transport and technological scheme 

of delivery, evaluation of the effectiveness of the functioning of individual types of 

transport and logistics systems as a whole), by type of indicator (economic, technological, 

environmental), by the number of indicators, that are taken into account (one, several, 

multiple), taking into account the operating conditions (for constant conditions, for 

conditions of uncertainty, for the presence of risk). It was determined that most of the 

proposed criteria do not have a universal character, but take into account partial operating 

conditions. In order to assess the effectiveness of logistics systems during cargo delivery, 

the researchers do not fully take into account the requirements put forward by all 

participants in the delivery process in view of the competitive market environment. A 

multi-criteria assessment is necessary when forming criteria for the efficiency of logistics 

systems. The complexity of the multi-criteria approach to the considered problem of 

choosing a method of delivery organization lies in the multidirectionality of the criteria, 

the different dimensions, and the qualitative nature of many indicators. Approaches that 

take into account the complex nature should be noted as promising directions for the 

formation of criteria for the efficiency of logistics systems functioning, but they require 

formalization [4]. 

According to [12], the development of economic relations against the backdrop of 

globalization of the economies of the world is a source of further transformations in the 

relationships between market participants. There is a search for new methods and forms 

of business organization, the driving force of which is the actions of innovators. The 

logistics approach is becoming widespread. According to this approach, the activities of 

market participants can be considered as activities within the logistics system or a set of 

such systems. Against this background, the lines between the known concepts of other 

systems are blurred. This is especially evident in relation to transport systems. Thus, the 

transport system belongs to the group of logistics tools along with the warehousing 

system and information technology. In our opinion, it is more correct to use the term 

transport subsystem in this case, because in its pure form, the transport system of a city, 

region, etc. serves a number of logistics systems, and is not just part of a separate logistics 
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system. The integration processes that are observed between participants in the promotion 

of material flows within the framework of the logistics approach necessitate the 

development and application of more advanced methods and management tools. A certain 

scientific and practical interest in this direction is represented by such an area as 

diagnostics. This direction is becoming widespread when considering economic systems, 

borrowing and adopting experience from systems of various natures (primarily biological 

and technical systems). In the field of transport, diagnostics, as a tool for optimizing 

organizational issues and planning activities, is just beginning to be explored. There are 

some attempts in this direction. You can give an example [13], which presents the section 

“Diagnostics of the functioning of the transport complex in the region.” At the same time, 

no description of diagnostic tools, goals, objectives and other attributes of this area is 

given. There is experience in using diagnostics in transport from the perspective of 

“diagnostic analysis”, which is the second stage in the analysis of transportation 

management systems. Giving diagnostic status to the second stage is consistent with the 

“monitoring” stage that is currently being formed. However, there is currently no clear 

division of tasks performed within the framework of monitoring and diagnostics of 

transport and logistics systems. Therefore, we can consider the experience of using 

diagnostic analysis of transportation management systems as the basis for the 

development of diagnostic methodology in transport systems and, accordingly, for 

transport subsystems of logistics entities (systems). What is different from this approach 

is the use of diagnostics as a set of methods when analyzing logistics systems without 

indicating the relationship with the management system. When analyzing logistics 

systems, twelve stages are distinguished [12]. For the four stages it is indicated that 

diagnostic methods (diagnostic methods) can be used. These stages include: the first stage 

- analysis of the problem in the field of logistics services to consumers; third stage – 

analysis of the structure of the logistics system; tenth stage – analysis of the existing 

logistics system; the twelfth stage is the development of a logistics organization to achieve 

the goals of the logistics system. Consequently, we can say that diagnostics can be used 

in two aspects: as a stage in decision-making systems (management) and as a block of 
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methods for the purpose of analyzing various objects. This division of diagnostics 

requires further research. 

A large layer of information for the formation of diagnostic methodology in 

transport and logistics is found in technical and biological sciences. For technical systems, 

there are developed and used systems of state standards and regulations (such as, ODN 

218.0.006-2002 “Rules for diagnostics and assessment of the condition of highways. 

Basic provisions”; R 50-609-44-89 Methods for determining diagnostic indicators; DSTU 

B V.2.6-25-03. Automated systems for technical diagnostics of building structures. 

Additional technical aids, etc.) [12]. In technical systems, diagnostic issues are associated 

with reliability. Such as, technical diagnostics is presented as one of the methods for 

increasing the reliability of systems at the stage of their operation. From here we can make 

the assumption that diagnostics within transport and logistics systems can act as a tool for 

increasing the reliability, safety, and reducing the risks of these systems. In this case, 

diagnostics falls under the second group (second aspect) of application. To summarize, 

we can talk about the need for further research on the formation of a knowledge system 

on the use of diagnostics in transport and logistics systems. 

The analysis showed the importance of effective development of transport logistics. 

The main part of costs in logistics activities falls on the transport component. It has been 

established that road transport occupies the largest specific weight in the structure of 

public transport services. 

Therefore, for effective transport logistics, the technical, technological, economic, 

information and management components should be taken into account. When choosing 

a carrier, it is necessary to take into account its positive and negative characteristics and 

calculate the probable risks of loss or lack of profit based on the criteria of the efficiency 

of transport logistics. 
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1.2. Optimization principles as mechanisms for ensuring the efficiency of 

technologies in transport processes 

In general, the optimization logistics problem looks like this [14]: 

 

𝑦 = 𝑓(𝑥) → 𝑚𝑎𝑥(𝑚𝑖𝑛) 

                                                                𝑥 ∈ 𝑋                                                             (1.1)                                                                                                                                                                       

 

where X is a set of admissible plans (alternatives, actions, previous variants of logistic 

solutions); f is a numerical function defined on the set X, which together with the 

maximization or minimization requirement is called the objective function. 

The solution of the optimization logistic problem (1.1) forms a pair X *, y*, where 

X * is a set of optimal plans, y* is the optimal (maximum, largest or minimum, smallest 

– depending on the optimization direction) value of the objective function achieved by it 

on the set of admissible plans X. They are usually limited to a partial (rather than general) 

solution of the problem, determining only one among the set of optimal plans, and not the 

entire set. 

They find a solution to the optimization logistics problem using special 

mathematical optimization methods, computer programs and computer tools based on the 

appropriate source information. [14] 

An arbitrary optimization logistic problem contains two components: an objective 

function and constraints. The objective function formalizes the criterion of optimality, 

according to which the best one is determined among alternative options of logistics 

solutions. Constraints, on the other hand, define a set of acceptable alternatives. 

Constraints are given in the form of inequalities and/or equations. 

For the most part, optimization logistics problems are multidimensional and 

generally look like this: 
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𝑦 = 𝑓(𝑥1, … , 𝑥𝑛) → 𝑚𝑎𝑥(𝑚𝑖𝑛)            

                                                     𝑔𝑖(𝑥1, … , 𝑥𝑛) ≤ 0, 𝑖 = 1, 𝑚̅̅ ̅̅ ̅̅                           (1.2)                                                                                         

ℎ𝑘(𝑥1, … , 𝑥𝑛) = 0, 𝑘 = 1, 𝑝 ̅̅ ̅̅ ̅                                                                           

where x1 , ..., xn   and y – are real variables (controlled parameters), the first n of 

which are the main ones and form the plan x  (x1, …, xn ) of the problem, and the last 

one shows the corresponding value of the objective function; f , gi , 𝑖 = 1, 𝑚̅̅ ̅̅ ̅̅ , hk , 𝑘 = 1, 𝑝̅̅ ̅̅̅ 

are numerical functions of the variables x1 , ..., xn (the first function is the target, and the 

others are used to reflect the set of admissible plans). 

If in (1.2) each of the functions f , gi , 𝑖 = 1, 𝑚̅̅ ̅̅ ̅̅ , hk , 𝑘 = 1, 𝑝̅̅ ̅̅̅, is linear, we have a 

linear programming problem; otherwise, it is a nonlinear programming problem. 

Common optimization logistic problems are linear. A non-linear objective function or 

individual constraints are found in cases where the dependencies between certain 

variables are non-linear. Among the constraints of the optimization logistic problem, 

there may be special ones, such as, restrictions on the sign of certain variables or 

requirements regarding their integer value. Such restrictions are distinguished by calling 

the non-distinguished restrictions the main ones, and the distinguished ones the additional 

ones. If there are no integer requirements among the additional constraints, we get a 

mathematical programming problem (linear or nonlinear) with continuous variables; 

otherwise, if one or more variables should acquire only integer (in the more general case 

– discrete) values – the problem of integer (discrete) mathematical programming. 

Such as, the problem of optimizing the product transportation plan can be a 

problem of mathematical programming with continuous variables that reveal the volumes 

of transportation along the corresponding routes, and the problem of determining the 

optimal location of a new distribution center of the logistics network is a problem of 

mathematical programming with integer variables (more precisely, logical 0–1 variables), 

which values of 1 or 0 characterize the selection or, on the contrary, the refusal to select 

a certain point for placing a new distribution center in it. 
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The type of problem (linear, nonlinear, discrete) determines the methods that will 

be used to solve it, namely: 

- linear programming (simplex method, dual simplex method, others); 

- integer programming (methods of segmentation, branched search, combinatorial, 

heuristic, random search); 

- non-linear programming (direct, indirect; design, linearization, etc.); 

- others (depending on the specifics of the problem being solved). 

A detailed description of linear, integer, and nonlinear programming methods is 

given in special literature on mathematical programming, as well as operations research, 

optimization methods, etc. [14–16]. 

It is advisable to implement optimization methods for solving optimization 

logistics tasks using computer equipment and special software. Important and interesting 

is the fact that progress in the field of economic-mathematical modeling and optimization 

methods occurs almost precisely in accordance with the progress in the field of 

computerization. 

Optimization of logistics solutions is carried out on the basis of a comprehensive 

analysis of a complex of interdependent factors, definition and comparative evaluation of 

possible alternatives and permissible action plans. 

Economic-mathematical modeling and optimization methods, as well as computing 

equipment and the necessary software, are used to find a solution to the optimization 

logistics problem. 

The process of optimizing logistics solutions using economic and mathematical 

tools consists of the following main stages: 

- awareness of the problem situation, formulation of the goal and determination of 

limitations; 

- development of an economic-mathematical model; 

- selection of methods and software tools for calculations; 

- preparation of source information; 

- search and analysis of solution options; 

- adoption of the solution and approval of the plan for its implementation; 
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- control over the implementation of the solution and evaluation of the results; 

- final analysis of the problem situation and its rethinking (with a return to the 

previous (initial) stage). 

Therefore, it is appropriate to consider the optimization of logistics solutions as a 

cyclical process that is constantly renewed, and not only as a separate act of this process. 

It is important that economic-mathematical modeling, i.e. recording in 

mathematical form the goals and constraints corresponding to the problem situation, is an 

important stage in the process of optimizing logistics solutions. 

Examples of optimization logistics tasks are the following: 

- formation of the most economical plan for transportation of products, raw 

materials or other production resources from suppliers to consumers - directly or through 

certain distribution centers; 

- determination of the maximum capacity of the transport network; 

- determination of the cheapest transport route between two specified points of the 

transport network; 

- choosing the best location for the new distribution center of the logistics network; 

- determination of the optimal management strategy for the supply of production 

resources or finished products; 

- formation of an optimal real investment plan in order to ensure the necessary 

increase in the production capacity of logistics systems; 

- development of systems for optimal management of stocks of raw materials, other 

production resources, manufactured products, etc. 

Criterion is a basis for evaluating, defining or classifying something; measure. As 

is known, the criterion of the correctness of theoretical conclusions is practice. A logistic 

operation or an Ordinary Logistical Activity is any action that is not subject to further 

decomposition within the framework of a defined research or management task, related 

to the emergence, transformation or absorption of material and accompanying 

information and (or) financial flows [16]. 

The criteria of optimality (optimization) of logistics processes can be distinguished 

by the components of logistics activity: production, warehouse, transport, logistics system 
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in general. In addition, two main groups of criteria can be distinguished - economic and 

technological. Of course, these criteria are closely related to each other, but it is 

considered appropriate to consider two separate groups. 

The main economic criteria for optimizing logistics processes are costs and profit. 

All others are to varying degrees derived from these basic criteria. Such as, cost price, 

specified costs, market share, etc. [15]. 

In modern conditions, a question arises regarding modern cost optimization 

methods used in domestic enterprises (Fig. 1.2). But each of them has its advantages and 

disadvantages and can be used under certain conditions. 

Such as, one of the most effective methods of identifying reserves for reducing the 

cost of production is functional cost analysis (FCA). Functional-cost analysis is a 

complex system analysis of the activity of the enterprise, its components (technical and 

technological, marketing, financial, sales units, management functions), as well as an 

assessment of the effectiveness of the use of costs for the implementation of each of these 

functions in order to identify inefficient, irrational costs, existing internal reserves and the 

development of programs to increase the efficiency of activities and increase the 

profitability of the enterprise. 

The main advantages of FCA: 

- a more accurate study of the cost of products, which makes it impossible to make 

sound strategic decisions regarding pricing of products, the choice between the 

possibilities of self-production and the purchase of semi-finished products; 

- clarity of functions, with the help of which enterprises manage to pay more 

attention to increasing the efficiency of high-value operations, etc. 
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Fig. 1.2  Modern methods of cost optimization [15] 

Disadvantages of functional cost analysis: 

- the function description process may turn out to be too detailed; in addition, the 

model is quite complex to use, it is difficult to maintain; 

- usually the stage of gathering information about data sources by functions is 

underestimated; 

- for high-quality implementation of the method, special software tools are 

required; 

- the method becomes "obsolete" in connection with organizational changes; 

- the implementation of the method is considered as an unnecessary "fad" of 

financial management, not sufficiently supported by operational management. 

A significant reduction in production costs is achieved as a result of the use of 

progressive methods of labor organization. An example of this is the "just-in-time" 

production organization system developed in Japan, which has become widely used 

Modern methods of cost 

optimization 

Outsourcing EVA- costing 

Operational application campaign LCC- costing 

Budgeting Just-in-time 

Balance method Kaizen costing 

АВС- analysis Target costing 

XYZ- analysis 
Functional-cost 

аналіз 
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throughout the world. The system reduces production costs due to the timely supply of 

resources. 

The advantages of the "just-in-time" method include: 

- reducing the production time of the final product; 

- reduction of product storage costs; 

- higher flexibility when modifying products; 

- higher productivity; 

- reduction of production preparation time; 

- improved quality control; 

- more uniform production schedule; 

- minimum interruptions in production; 

- low probability of overproduction. 

The disadvantages of this method include: 

- growing transport costs; storing goods in a warehouse may turn out to be cheaper 

than its constant supply; 

- dependence on suppliers; 

- the difficulty of ensuring high consistency between production states; 

- significant risk of disruption of production and sale of products. 

The next method - target costing - is a cost management method (costs for 

production of products), the essence of which is to reduce the cost of products during their 

entire production cycle due to the use of production, scientific research and development. 

"Target-costing" involves calculating the cost of the product on the basis of a 

predetermined sales price. 

Advantages of target costing: 

- marketing orientation of production; 

- determination of target costs for new products; 

- cost control at the product development stage. 

Disadvantages of the method: 

- targeted cost reduction may require a lot of time and investment; 
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- the technical capabilities of the enterprise do not always allow to reduce the cost 

price to a given level. 

Another method - "kaizen-costing" - is the newest method of cost management, 

which is used to achieve target costing, but unlike "target-costing", it consists in 

continuous improvement of the quality of processes throughout the enterprise with the 

participation of all its employees, which enables reduce unproductive costs. 

The main advantage of "kaizen-costing" is that it ensures a constant reduction of 

costs and keeping them at a given level, and the disadvantage is the need to motivate 

employees and corporate culture, which supports the involvement of personnel in the 

company's activities [15]. In addition, the disadvantage of this method is that it requires 

the motivation of employees, the involvement of additional personnel. 

LCC (Life Cycle Cost) is a method of calculating costs by stages of the product life 

cycle. Planned costs are determined at each stage of the product life cycle. It is the only 

cost management method that takes into account the impact of inflation through cash flow 

discounting in decision making. 

Advantages of the method: 

- receiving in the long-term period an assessment of the incurred expenses and their 

coverage with the relevant income; 

- provision of a clear forecast of all costs and the ratio of received income and costs 

for the production of the product in general; 

- providing a strategic vision of the cost structure and comparing it with the income 

structure. 

Disadvantages of the method: 

- lack of periodization of financial results; 

- uncertainty of overhead cost accounting; 

- the probability of costs for obtaining significant additional information [15]. 

The newest method that has recently started to be used in cost management is EVA 

(Economic Value Added). This method makes it possible to tie the creation of value to 

certain groups of workers or units and thus obtain a criterion for differentiated 

remuneration for the work performed at the enterprise. 
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In addition, ABC analysis is becoming more widespread, which represents the 

justification and making of management decisions regarding the target localization of 

costs of a business entity for the needs of its profit management model. The basis of ABC 

analysis is the concept of "cost center" - a separate functional and organizational process 

or phenomenon associated with the formation of a homogeneous set of costs of the 

enterprise. 

Advantages of ABC analysis: 

- a significant increase in the substantiation of the allocation of overhead costs to a 

specific product, a clearer calculation of the cost price; 

- ensuring the relationship of received information with the process of cost 

formation. 

The main drawback of the method is that it requires a significant change in the 

accounting system and improvement of information support systems, which implies an 

increase in management costs. 

An equally important method of cost optimization at the enterprise is the XYZ 

analysis, which is a technology for justifying management decisions regarding the 

optimization of the absolute value of the enterprise's costs by identifying and identifying 

reserves for their reduction, as well as determining methods for mobilizing such reserves. 

Advantages of XYZ analysis: 

- simplicity, accuracy and visibility, 

- possibility of automation. 

The disadvantages of the method are that it does not ensure the correctness of 

conclusions when building a complex, weakly structured product range. 

Another cost optimization method is the balance method. As one of the strategic 

approaches to cost management, it is related to the fact that the goals set by the company 

are always balanced on the same scales as costs. Such as, if we want to produce higher 

quality products, the costs for quality assurance will be higher. 

Budgeting, as a method of cost optimization, is based on drawing up operational, 

monthly, quarterly and annual budgets and linking them to strategic goals (using a system 
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of balanced indicators), which makes it possible, at least, to make the appearance of costs 

predictable. 

They also use such a method as cost optimization, an operational application 

campaign and a system for monitoring the implementation and appropriateness of costs. 

The essence of this method is that with daily expenses, line managers constantly need to 

confirm the feasibility of certain expenses. This system will work only when the 

enterprise has a correctly formed budget, outlined goals and has a motivational program 

to reduce costs. 

Therefore, the listed methods (balances, budgeting, operational application 

campaign) require the introduction of information technologies. After all, if there is no 

system that will oblige everyone to report and control processes, the intentions to optimize 

costs will remain only on paper. With this in mind, among the methods of strategic cost 

management, it is worth highlighting outsourcing, i.e. the transfer of a part of the 

company's functions to third parties, or another type of outsourcing related to functions 

that are not key for the company. In this case, you need to find a contractor who can 

perform the same functions, but for less money. 

The technological criteria include those that characterize or describe the technology 

of processes in the subsystems of the logistics system and in the system in general, in 

particular, the technology of transport, warehouse, production, etc. Examples of such 

criteria are idle mileage of the vehicle, delivery time, order fulfillment time, number of 

losses, number of stocks, etc. 

A detailed analysis of the technological indicators of the optimization of the 

transport process in the logistics system is given in [17]. Evaluation of efficiency is 

always subjective and depends on who is interested in it and from which position of the 

transportation participant it is carried out. At the same time, many researchers emphasize 

the need to consider the efficiency of the transport process from the perspective of the 

system, that is, to take into account the interests of all participants. Such as, in the works, 

the authors define the following efficiency criteria from the point of view of the logistics 

system: speed and reliability of delivery, safety, volume of transported cargo, delivery 

costs. The researchers offer the following definition of the term logistics system 
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efficiency: "This is an indicator (or a system of indicators) that characterizes the level of 

quality of the operation of the logistics system at a given level of total logistics costs." 

However, the authors do not provide adequate clarification regarding the term "quality 

level". This definition is abstract because the level of quality is very difficult to define, 

and sometimes impossible. At the same time, indicators that characterize the economic 

result of the operation of this system are mostly used as criteria for the functioning of the 

logistics system. The study of all aspects related to profit led to the understanding that the 

profit calculated in accounting does not reflect the true result of economic activity. 

Accounting profit is the result of carrying out various economic operations and comparing 

income with company expenses, and economic profit is a full-fledged, resulting 

assessment of the company's functioning. 

Performance criteria from the point of view of the transport participant are local 

and complex indicators of performance evaluation. Local indicators include energy 

intensity, material intensity, technological indicators (average delivery distance, speed, 

zero mileage, etc.). Performance criteria of transportation, cost price, profit, income, 

reduced costs, profitability, labor intensity, transportation quality indicators are also 

considered as efficiency criteria. The criterion of efficiency is called the coefficient of 

efficiency of the transportation process. Some authors single out the following indicators 

of the efficiency of the technology of the transportation process: cost of transportation, 

transportation costs, productivity of vehicles, transportation quality. 

It is also proposed to measure efficiency in logistics companies using a process 

approach based on cross-functional business process reengineering, customer-oriented, 

rather than a functional approach. The efficiency criteria are the following indicators: the 

coefficient of savings of contingent and permanent direct costs by operational 

departments and the integral indicator of client satisfaction in relation to the normative 

value. The disadvantage is the need to use weighting coefficients of significance, which 

can differ significantly for each individual client. 

It is proposed to design a transport and technological system for the delivery of 

goods by road and rail modes of transport according to such an efficiency criterion as the 

minimum specific costs, taking into account the volume of transportation, the distance of 
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transportation, the order arrival interval, and the number of available terminals. But in 

this case, other important factors that affect the choice of the mode of transport, such as 

the timeliness of transportation, the safety of the cargo, are not taken into account. 

Therefore, according to the existing transport infrastructure, it is possible to 

distinguish different situations in which the optimal mode of transport is chosen according 

to different types of costs (Fig. 1.3). 

Capital costs are considered to be the most important criterion in the absence of 

transport infrastructure, and operational costs in the case of its presence. The problem of 

determining rational areas of use in the logistics system in the presence of road and rail 

connections remains relevant even in our time. Further analysis of methods and models 

is carried out under the condition of availability of road and rail connections. The main 

efficiency criteria when choosing a mode of transport in the presence of transport 

infrastructure are the following: reduced costs for transportation; minimum reduced costs 

for production, transportation and consumption of products; expenses of the customer of 

the transport service; the profit that can be obtained from reducing the delivery time; 

equivalent distance; safety and environmental friendliness. 

The author proposes to minimize the costs of production, transportation and 

consumption of products, that is, the system of participants in the transport process is 

considered. The criterion of specific costs is not sufficiently correlated with the obtained 

result regarding costs and does not fully meet the requirements of the market economy 

and the logistics system, because it cannot be determined for a separate logistics system. 

Further analysis of the approaches is based on the calculation of costs that take into 

account the interests of the cargo owner or the requirements of the customer of the service. 
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Fig. 1.3. Determination of the optimization (efficiency) criterion depending on 

the existing transport infrastructure 

The criterion for the effectiveness of the functioning of the logistics systems of 

transport hubs is the proposed integrated total effect from the reduction of transportation 

costs, from the mobilization of free funds obtained during the reduction of cargo 

transportation terms, from the reduction of cargo losses during transportation, from the 

reduction of environmental damage. The disadvantage of this approach is that only the 

process of cargo transportation in the transport hub is investigated, but the technology of 

cargo transportation to the transport hub is not taken into account. 

Areas of rational use of universal and perishable goods in international transport, 

which are calculated on the basis of the customer's costs, small batch goods and 



33 
 

transportation for container goods, are considered. The disadvantage of these studies is 

the lack of a systematic approach to the participants of the transport process. 

 

Conclusions to Сhapter 1 
 

In order to save transport costs, which play an important role both for a specific 

enterprise and for society as a whole, and for a more objective assessment and choice of 

transportation, a number of criteria for the efficiency of transport logistics were 

determined, namely: minimum costs for transportation, specified transit time, maximum 

reliability and safety, capacity and availability of the mode of transport, minimum costs 

(losses) associated with stocks in transit. The works of several authors were studied, from 

which it can be concluded that the efficiency of transportation is evaluated by a system 

of indicators, among which special attention is also paid to the following: duration and 

timeliness of cargo delivery; cargo loss during transportation; performance of vehicles 

and loading and unloading mechanisms; energy intensity of transportation; cost of 

delivery, profit. 

Summarizing the above, it can be concluded that the existing approaches to 

determining the areas of use of modes of transport do not reflect the development of 

logistics concepts and modern requirements for the organization and implementation of 

the transport process, do not fully take into account the indicators of the choice of modes 

of transport and the influence of technological and economic parameters of the transport 

process on the distribution of volumes transportation between modes of transport. 

Researchers do not indicate the importance of one or another criterion when choosing 

road and rail modes of transport. Approaches and factors identified by researchers as the 

most important do not reflect modern realities. It is necessary to conduct a survey to rank 

the criteria for choosing a mode of transport in order to compare the theoretical and 

practical bases. This will make it possible to take into account the most significant criteria 

during the research. 
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Therefore, for the effective development of transport logistics, systematicity and 

consistency in decision-making are important: the unity of technical, technological, 

economic, informational and managerial components. 

To make a decision and make calculations, you need to have one criteria. However, 

in practice, a situation often arises when it is necessary to use two, three or even more 

criteria. For this purpose, the applied problems refer to the problem of multi-criteria 

optimization. 
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CHAPTER 2 

 MECHANISMS FOR EVALUATING TRANSPORT PROCESSES 

WITHIN LOGISTICS SYSTEM OF GRAIN ALLIANCE 

 

 

2.1. General characteristics of the Grain Alliance 

 

Grain Alliance is one of the leading agricultural companies in Ukraine. The 

company cultivates around 57,000 hectares of arable land in central Ukraine. The 

company began operations in 1998 (Fig. 2.1). Initially, the company had no land, only 

equipment. Today it is a powerful enterprise that leases significant amounts of land in 

Kyiv, Poltava, Chernihiv and Cherkasy regions.  

 

Fig. 2.1. Logo of Grain Alliance [21] 

The geography of the company is constantly expanding, which indicates the 

confidence of landowners in it. Baryshivska Grain Company LLC grows and sells grain, 

oil and industrial crops, and produces meat and milk. It provides services on reception, 

primary processing and storage of grain in Baryshivskyi and Yahotynskyi districts   

of Kyiv region, Pyriatyn and Nizhyn. It has a bank of elevators with a total drying and 

storage capacity of 250 thousand tons. In addition, it carries out intermediary commercial 

activities for the purchase and sale of agricultural products. Profile crops of agricultural 

enterprises - corn, wheat, sunflower, soybeans.  
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However, the company's strategy is not to make a profit above all, but to manage 

wisely through the optimization of sown areas, soil conservation, respect for employees 

and landlords. 

In 2008, the company was joined by Swedish investors Grain Alliance, which 

became full shareholders of the company.   The   company is   currently headquartered 

in   Stockholm, but all operations are concentrated in Ukraine. It is worth noting that 

the Ukrainian head office is located in the small town of Berezan, about 80 kilometres 

from Kyiv. 

With the arrival of Swedish investors, a new stage in the development of 

Baryshevska Grain Company LLC began. During the first years of operation, more 

than $ 40 mln was invested in the development of the   Company, which is aimed at 

technical re-equipment, introduction of new production technologies and selection of 

highly qualified personnel.[21] 

The company's staff today has more than one thousand employees (Fig 2.2.). 

 

Fig. 2.2. Organizational structure of Grain Alliance [21] 

For 20 years, the company has been actively developing and already has high 

achievements. In 2015, in the ranking of Forbes magazine, Baryshivska Grain Company 
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LLC took the second place in terms of efficiency in the agrarian business (in terms of 

profitability). 

The agricultural enterprise attaches great importance to the culture of agriculture, 

development of all branches of agro-industrial complex, creation of new jobs. An 

important point is cooperation with local communities, creating good conditions for work, 

recreation and development. 

Baryshivska Grain Company LLC carries out production activities in the following 

areas: 

Crop production: the company currently leases almost 5,000 hectares of 

agricultural land in Kyiv, Cherkasy, Poltava and Chernihiv regions. The whole cycle of 

growing cereals is carried out by our own equipment. 

Livestock: in the Poltava region there are two dairy farms of 1,000 cattle. Thanks to 

selection work, investments in farm equipment and a quality fodder base, we increase the 

quantitative and qualitative indicators of milk and maintain the profitability of production. 

Elevators: the company has 5 elevators in Kyiv, Poltava and Chernihiv regions 

with a total storage capacity of 250 thousand tons. The Berezan and Yahotyn elevators    

have    been    modernized    and     their     production     capacities have been increased 

by 50,000 tons. The construction of the Pyriatyn elevator for 100,000 tons of storage 

has been completed. For the Nizhyn elevator the project for the second stage of 

construction has been developed (Table 2.1.). 

Calibration facility: a modern grain calibration facility made in Japan is located 

in the village of Baryshivka with a capacity of 8 tons/hour. It enables to prepare high-

quality   sowing   material   and    bring   the    quality   of    soybean    grain to the 

requirements of world standards. 
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Table 2.1 

Information on the activities of Baryshivska Grain Company LLC [21] 

The area where the land is leased Structural unit 

Kyiv region:  

Baryshivka urban-type settlement Baryshivskyi Elevator Division 

Berezan Head office, production base of Kyiv 

region, garage, Berezan Elevator Division 

Yahotyn Yahotyn Elevator Division 

Sotnykivka village, Yahotynskyi district Central repair base of agricultural 

machinery 

Cherkasy region  

Mykhailivka village, Drabivskyi district Production base of the Southern region 

Poltava region  

Ovsiuky village, Hrebinkivskyi district Commercial Dairy Farm 

Chutivka village, Orzhytskyi district Commercial Dairy Farm 

Piznyky village, Chornukhynskyi district Production base of Poltava region 

Pyriatyn Pyriatyn Elevator Division 

Chernihiv region  

Nizhyn Nizhyn Elevator Division 

Chemer village, Kozeletskyi district Production base of Chernihiv region 
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The end of the Table 2.1 

Property Swedish company "BZK GRAIN ALLIANCE" - 100% 

Employees The total number of employees is 1,085 people (average number for 

2020) 

Main products - Production of grain and oilseeds. 

- Milk production 

- Provision of seed calibration services 

- Providing services to farmers to bring grain to marketable condition 

Increasing 

production 

capacity 

The expansion program provides: 

- Construction of the second stage of the Nizhyn elevator 

- Increasing the area of leased land to 100 thousand hectares 

Source: developed by the author based on [21] 

Grain Alliance’s business concept is to generate sustainable returns by increasing 

productivity and efficiency in the Ukrainian agriculture by implementing best agricultural 

practices, modern equipment and strict financial control. 

Since launch Grain Alliance has created a solid organization, which can efficiently 

and sustainable run a large scale agriculture operation. The long term goal is to grow up 

to more than 100 000 hectares of cultivated land and outreach western producers in terms 

of productivity. The strategy to reach these goals is based on focus on the following: 

 Maintain long term profitability 

 A limited geographical area 

 A limited set of crops 

 Financial management and internal control 

 Expansion, but not on the expense of productivity, efficiency and control. 

Baryshivska Grain Company LLC adheres to the best international practices of 

effective involvement of the stakeholders in its activity, namely: 

a. transparency and openness of activity; 
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b. providing meaningful information in a format and language that is 

understandable and adapted to the needs of target stakeholders; 

c. providing information before consultations and decision-making; 

d. providing information to stakeholders in easily accessible ways, as well as 

at the appropriate cultural level 

e. respect for local traditions, languages, terms and decision-making processes; 

f. two-way dialogue, which provides an opportunity for both parties to 

exchange views and information, listen, address problematic questions and hear answers 

to them; 

g. forming a dialogue, establishing a convenient feedback format; 

h. providing a wide range of views, including age, women and men, vulnerable 

groups and/or national minorities; 

i. carrying out activities without intimidation, coercion or encouragement; 

j. clear   mechanisms   for   responding   to   problems,   suggestions   and

 complaints of the population; 

k. creating, where appropriate and possible, project or program feedback and 

reporting to stakeholders. 

Baryshivska Grain Company LLC implements the Social Partnership Policy 

through its own corporate charity foundation, which cooperates with village councils and 

united communities on the territory of which the Company operates. The Foundation has 

developed a number of community support programs. 

Programs include specific projects that have the greatest impact on the community. 

Decisions to include projects in the annual program are made collectively through the 

company's Board of Directors, considering the views and wishes of local authorities, 

community activists, shareholders, local experts and leaders, opinions, local 

representatives, vulnerable groups (retirees, people with special needs). 

In modern economic conditions, the activity of each business entity is the subject 

of attention of a large circle of participants in market relations who are interested in the 

results of its functioning. The analysis of economic activity is related to the statistical 

reporting of the company and the analysis of the obtained trends. 
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2021 seeding campaign was well prepared to provide excellent operating results. 

The biggest challenge for the company was 30 000 hectares of corn seeding. Almost 17 

000 hectares of corn were seeded in the Poltava cluster alone (Fig. 2.3). During 2021, the 

company continued further improvement of the machinery fleet. The company has 

purchased two brand-new John Deere tractors 8340 together with the new precision 

seeder Väderstad Tempo L18 financed in the frames of the EBRD Capex Project [21]. 

Crop production is one of the few industries that has not experienced the negative 

impact of quarantine restrictions. Yields mainly depended on weather conditions. In 

winter wheat was good conditions, all spring crops, in turn, were late with their vegetation 

due to high precipitation in spring. It resulted into later harvesting for corn, soybeans and 

sunflower. 

Four main crops of GA: Corn, Soybeans, Sunflower and Winter Wheat were 

cultivated on 57 000 ha in 2021 [21]. 

The biggest part in crop rotation takes corn – 30 400 ha or 54% of GA’s arable 

land. Poltava cluster brings 57% of corn cultivation land. 

 

Fig. 2.3. Allocation of crops per regions 2021 (according to data provided by the 

company) 

The soy area was cultivated on 17 900 ha in 2021. The South cluster is the only one 

in which soy was grown. Soy cultivation area was increased for 5 300 ha to 2020 (Fig. 

2.4.). The Company improves its scientific approach in the growing soy.[21] 
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The sunflower was cultivated on 3 800 ha in 2021. It is 4 700ha less than the 

previous year. Sunflower is concentrated only in the Chernihiv cluster. Considering the 

gradual increase of sales prices and yield levels for all crops, soy, corn and wheat 

profitability becomes equal, slightly higher for sunflower. 

Winter wheat is historically the least profitable crop for Grain Alliance. The sowing 

area of the winter wheat has not significantly changed compared to the previous year. The 

main reason for that is the preferable position of Corn and Soy for cultivation in GA. 

GA cares for small areas for forage corn and alfalfa for its two cattle farms in the 

South region. 

 

Fig 2.4. Seeded hectares per region 2021 and 2020 (according to data provided by 

the company). 

The harvesting campaign of soy and sunflower was very successful for the Grain 

Alliance as it was finished promptly. The team has done its best and finished harvesting 

at the end of October 2021. Corn harvesting lasted until the end of the year.[21] 

In order to maintain liquidity at the proper level, the Group actively enters into 

contracts for the supply of grain throughout the year, including the pre-sowing season. 

Forward contracts are usually made   to   hedge against unforeseen events, including 

waring prices and bad weather. 
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During Q1-Q2 2021, the Company has finished the execution of the sales contracts 

of grain harvested in 2020. There were no breaches of the sales contract’s terms and 

conditions. 

A sharp increase in world agricultural prices in the 2020-2021 marketing year has 

lifted forward grain and oilseed prices for the new season starting on the 1st of July with 

prices standing at multi-year highs. 

According to the State Customs Service of Ukraine, in 2021, Ukraine exported 

agricultural food in the amount of 27.9 billion dollars, almost 25% above the 2020 record 

of 22.4 billion dollars. Thus, for the fourth year in a row, our country has updated the 

historical record of agricultural exports.[21] 

Grain Alliance continues sales in USD, CPT sea port or DAP Ukrainian border 

compared to 5 years average and managed to ensure timely deliveries. 

As of December 31, 2021, the Company had approximately 196 thousand tons of 

grain in a stock. 

Production of 2021 was evenly sold and shipped to buyers during the marketing 

year. The grain sales prices have continued a sharp increase since the middle of the year. 

Grain Alliance managed to have sales higher than budget prices. 

During the year ended 31 December 2021, the Ukrainian Hryvnia appreciated 

against the EUR and US dollar by 11% and 4% respectively; Swedish Krona depreciated 

against the EUR and US dollar by 3% and 10% respectively (2020: depreciated against 

EUR by 30%, against the US dollar by 20%; Swedish Krona – 36%). 

The Company's operational currency is the Ukrainian hryvnia. 

The financial sector has successfully gone through the coronavirus crisis and 

properly performed its functions. The Ukrainian banks have entered the pandemic with 

enough capital and high liquidity. Still, the banking sector remains highly profitable due 

to stable operating income. 

The National Bank of Ukraine has encouraged banks to restructure loans to the 

borrowers who face temporary financial difficulties during the crisis. 

Grain Alliance has properly executed all obligations with the commercial and 

international banks. 
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In 2021, the National bank of Ukraine has increased its key policy rate from 6.0% 

to 9.0%. The interest rates on loans in commercial banks have correspondingly 

grown.[21] 

According to the updated production policy, Grain Alliance still considers soy and 

corn as the most profitable crops. Grain Alliance continues to pay much attention to 

improving the quality of seeding, protection and timing. During 2021, Grain Alliance has 

invested into purchase of its own railcars in quantity 54 units, updated its tractor fleet 

with the brand-new John Deere tractors, corn planter Väderstad Tempo L18 and 

Subsoilers Quivogne SSDR 7/300. 

Grain Alliance continues cooperation with the EBRD in the frames of the 7-years 

capex loan agreement and Grant agreement with Taiwan ICDF. 

For the year ended 31 December 2021, the Group’s profit amounted to SEK 362 

550 thousand (for the year ended 31 December 2020 – SEK 47 494 thousand). At the 

same time, as of 31 December 2021, the current assets of the Group exceeded its current 

liabilities by SEK 631 166 thousand (as of 31 December 2020 SEK 210 688 thousand), 

which indicates a sufficient level of liquidity. 

The Group has positive operating cash flow in the amount of SEK 151 606 

thousand in 2021 (SEK 114 309 thousand in 2020), which means the Group is in a better 

position to cover its current liabilities and expenses. As of 31 March 2022, the Group's 

liquidity amounted to SEK 177 371 thousand (an increase of SEK 137 432 thousand from 

31 December 2021). The leverage ratio as of 31 March 2022 amounted to 22%, calculated 

on the Group's financial debts in relation to equity. 

On February 24, 2022, russia launched a full-scale invasion of Ukraine, where the 

Group's key assets are located, escalating its aggression against Ukraine that began in 

2014. In late February – March 2022, the most intense hostilities are localized in northern 

Ukraine (including the Chernihiv and Kyiv regions), where the Group conducts 

agricultural activities. In April, these territories were completely liberated from russian 

occupiers.[21] 

As a result, the Group was able to plant 55,472 ha, which is 98% of the planted 

area in the previous year, and 96% of the Group's existing land bank. 
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For the period after the reporting date, the Group sold more than 86 000 tons of 

grain. It remains to sell less than 30% of corn and 49% of soybeans from the 2021 harvest. 

The Group's gross profit for the period January 2022 – March 2022 amounted to SEK 8 

375 thousand.[22] 

Table 2.2. 

Financial activities of the company 

The Parent Company 

 Notes 2021 2020 

 

Revenue from sales 

 

2 

 

236 282 

 

258 599 

Cost of sales  -236 400 -247 115 

Gross profit  -118 11 484 

General and administrative expenses 3 -2 976 -3 062 

Operating profit / (loss)  -3 094 8 422 

Finance costs 4 -749 -709 

Finance income 5 1 479 1 586 

Foreign exchange gain 6 5 318 -8 057 

Profit / (loss) before tax  2 954 1 242 

Income tax expense 19 - - 

Profit / (loss) for the year  2 954 1 242 



46 
 

 

 

The end of the Table 2.2. 

Other comprehensive income:   

- 

 

- 

Total comprehensive income for the year  2 954 1 242 

Source: developed by the author based on [21] 

In the beginning of 2022, the Group has not fully complied with the agreed 

covenants with the Group's creditors, giving the bank the formal right to terminate the 

credit. However, this has not affected the lenders' willingness to continue lending [23]. 

The situation above means that there is a significant uncertainty in the Group's 

ability to continue its operations as going concern. The management assesses, after having 

drawn up forecasts of financial position, statement of comprehensive income and cash-

flow up to June 2023, despite the ongoing russian military invasion and difficulties in 

exporting grain, that the possibility of conducting business further is good enough to 

consider that conditions for preparing the annual accounts, taking the conditions for going 

concern into account, exists. 

The crisis situation was saved by strategy and planning. When prices for all 

components of agricultural production began to rise, Grain Alliance had everything for 

that period: PPE, fuel stock, and the most necessary components had already been 

purchased. There were, however, problems with the supply of some plant protection 

products and seeds due to the closure of the ports. In Transcarpathia, premises were 

quickly rented for newly purchased equipment, seed material, agricultural machinery. In 

general, preparations were made in advance for the increase in prices of all components 

of agricultural production, and the negative consequences were minimal [24]. 
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A SWOT analysis for Grain Alliance, including logistics, will help identify the 

company's strengths and weaknesses, as well as identify opportunities and threats in its 

operations. Here is Grain Alliance's SWOT analysis: 

Table 2.3 

SWOT analysis of “Grain Alliance” company (developed by author) 

Strengths: Weaknesses: 

1. Experience and efficiency in 

agriculture: Grain Alliance has many 

years of experience and expertise in the 

cultivation and processing of grain 

crops. 

2. Modern technologies: The use 

of advanced technologies of production, 

logistics and grain processing allows to 

optimize processes. 

3. Large volume of production: 

The company has a significant volume 

of grain production and a large land area 

for cultivating crops. 

4. International presence: Grain 

Alliance successfully exports its 

products to international markets, which 

expands its sales geography. 

1. Dependence on weather 

conditions: Changes in weather conditions 

can affect the yield and quality of grain. 

2. Dependence on foreign markets: 

Changes in international markets can 

affect grain prices and product sales. 

3. Dependence on external 

carriers: Grain Alliance is dependent on 

external carriers for logistics and exports. 
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The end of the Table 2.3 

Opportunities : Threats: 

1. Expanding the range of 

products: Introducing new types of 

cereals or additional agricultural 

products can expand the range and 

attract new customers. 

2. Increasing demand for quality 

grains: Increasing demand for organic or 

high-quality grains can be an incentive 

for development. 

3. Globalization: Expanding into 

new international markets can increase 

sales and the ability to compete globally. 

4. Logistics Optimization: 

Improving logistics processes can 

increase efficiency and reduce costs in 

this industry. 

1. Competition: Intense competition in the 

grain market and logistics can affect prices 

and profitability. 

2. Changes in legislation: Changes in 

agricultural or logistics legislation may 

affect business processes and product 

quality requirements. 

3. Weather disasters and natural disasters: 

Weather disasters can damage crops and 

enterprise infrastructure. 

 

Source: developed by the author 

Grain Alliance's SWOT analysis helps a company assess its current situation and 

determine how to leverage its strengths, minimize its weaknesses, capitalize on 

opportunities, and protect itself from threats. With this understanding, a company can 

develop strategies to improve its operations and increase its competitiveness.  
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2.2 Analysis of the Grain Alliance logistics system 

 

Producers of agricultural products, the processing industry and other farmers come 

to the conclusion that it is expedient to manage not only their own business, but also the 

network of all business entities that have a direct or indirect relationship with their 

activities, that is, the supply chain. 

Agrosupply Chain - covers all organizations of all types of activity in agribusiness, 

which participate in the production of value in the form of goods and services and their 

delivery to the final consumer (Fig. 2.5). 

 

Fig. 2.5 Supply Chain at Grain Alliance (developed by author) 

Over the past decade, agribusiness has been confidently mastering new strategies 

– products, marketing, finance, etc. An integral part of the overall strategy of agribusiness 

should be the strategy of managing the agricultural supply chain. Skilled management of 

multiple connections in the agricultural supply chain can increase the efficiency of this 

chain. 
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Grain Alliance is an agricultural company specializing in the cultivation and export 

of grain crops such as wheat, barley, corn, and more. Logistics play a crucial role in their 

operations, as efficient grain delivery and storage are essential for the success of their 

business. Here's a description of some of the logistics business processes at Grain 

Alliance: 

1. Harvesting and Transportation: 

 Harvesting: When grain crops are ready for harvesting, farmers and workers 

engage in the harvesting process. 

 Transportation to Storage: The harvested grain is transported to the 

company's storage facilities or elevators, where it will be stored for further processing 

and sale. 

2. Storage: 

 Grain Storage: The harvested grain is stored in dedicated warehouses and 

containers, maintaining the appropriate temperature and humidity levels to preserve 

product quality. 

 Inventory Monitoring: Computer systems and sensors are used to monitor 

inventory levels and grain quality. 

3. Planning and Distribution: 

 Demand Forecasting: Grain Alliance studies the market and utilizes demand 

data to plan production and shipments accordingly. 

 Grain Distribution: Grain is allocated to different markets, including 

domestic and international markets, based on demand and contracts. 

4. Transportation: 

 Mode Selection: The company determines the most efficient means of 

transporting grain, including road transport, rail transport, and maritime container 

shipments. 

 Customs Procedures: Since Grain Alliance exports its products, it is 

important to complete all necessary customs and export formalities. 

5. Monitoring and Management: 
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 Cargo Tracking: The company employs modern technologies to track the 

movement and status of cargoes during transportation. 

 Supply Chain Management: Grain Alliance collaborates with suppliers and 

carriers to ensure the smooth flow of goods throughout the supply chain. 

6. Quality and Control: 

 Quality Control: The company takes measures to ensure the quality of its 

grain and compliance with safety and quality standards. 

 Processing Logistics: If necessary, grain may undergo further processing 

before reaching the market. 

7. After-Sales Service: 

 Customer Support: Grain Alliance provides customers and partners with 

information and support regarding delivery schedules and other logistics aspects. 

The main goal of the logistics business processes at Grain Alliance is to ensure 

efficient and reliable grain delivery to the markets and to maintain product quality 

throughout the entire supply chain.[25] 

At the turn of 2021, Grain Alliance has decided to revert to the initial program. Due 

to the rapidly increasing land bank of the Chernihiv cluster in combination with the 

production policy, the company has pursued investments into further development of the 

drying and storage capacities of the Nizhyn elevator (Chernihiv district). The main works 

on the construction of the Nizhyn elevator were completed in September 2021. Thus, the 

total storage capacity at the facility is around 70 thousand tons, and the drying capacity 

is more than 2300 tons of corn per day (Table 2.4). A unique feature of the facility is the 

operation of dryers exclusively on solid biofuel including production waste, sunflower 

husk and biomass pellets. Thus, with nil use of natural gas, the facility will dry about 100 

thousand tons of corn per year of its own and the third parties’ grain. It is estimated this 

to save about 600 thousand m3 to 1 million m3 of natural gas per season. Thus, this 

facility not only increases the economic potential of the region but also makes a 

significant contribution to environmental safety, as well as the energy independence of 

Ukraine.[26] 
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Table 2.4 

Storage and drying capacity 2021-12-31 [21] 

Elevators Baryshiv

ka 

Berezan Yahotyn Pyriatyn Nizhyn Yarmoly

ntsi 

Max storage 

capacity 

18 000 t. 44 000 t. 55 000 t. 105 000 t. 69 000 t. 16 000 t. 

Type of storage Flat bed Flat bed + 

steel silos 

Flat bed + 

steel silos 

Steel silos Steel silos Flat bed + 

steel silos 

Drying capacity 650 t/day 1000 

t/day 

1000 

t/day 

2600 

t/day 

2300 

t/day 

600 t/day 

Railroad On site On site 8 km On site On site 5,5 km 

Shipment capacity 800 t/day 1000 

t/day 

1750 

t/day 

2000 

t/day 

1750 

t/day 

800 t/day 

Source: developed by the author according [21] 

The average number of employees in 2021 was 1044, divided between 219 women 

and 825 men. However, it is important to keep in mind that the number of employees 

depends on the season. The vast majority of employees are seasonal employees who assist 

during seeding or harvest. The Company continues implementation of its regular plan of 

staff optimization in the frame of the operational efficiency increase program.[21] 

In total, there are 7,807,775 shares in the company. The principal owner Agro 

Ukraina AB, owns 7, 801 155 (99.92%) of the shares. Behind it stands the CA group. 

Regarding warehouse logistics, the situation is as follows: 

- Baryshivka: 7 grain warehouses with a total storage capacity of 15,900 tons 

(grain/oil); 

- Berezan: 8 grain warehouses and 2 silos with a total storage capacity of 44,400 

tons (corn, soybeans, wheat); 
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- Yagotyn: corn-3 silos, 5th and 6th rows and a new warehouse with a total storage 

capacity of 50,700 tons; 

sunflower-3 silos and a new warehouse with a total storage capacity of 23,100 tons; 

-Nizhyn: 4 silos and 1 damaged silo with a total storage capacity of 72,000 tons; 

-Piryatin: 13 silos with a mysterious storage capacity of 98,500 tons.[21] 

Due to hostilities in southern Ukraine, the Group has suspended its grain export 

operations by sea. Work is underway to reorient the export of agricultural products from 

shipment by sea to shipment through the western regions of Ukraine and Europe.[21] 

For these purposes, the Group purchased a transshipment elevator in the Slovak 

Republic with a capacity of 20 thousand tons as silos and 5 thousand tons as flat 

warehouses. The elevator is adjacent to the railway with 4 railway tracks. 

One of the problems in the transportation of grain to the EU countries is the 

difference in the width of the railway tracks. Ukrainian wagons are not compatible with 

most EU rail networks.[27] 

However, the acquired elevator has 2 types of tracks—2 Ukrainian and 2 European 

standards of ones, which allows unhindered reloading of grain.[22] 

The Group excepts to deliver grain by own wagons. The wagon park consists of 

236 units on November 2023. The company also has 15 MAN grain trucks and 30 Kamaz 

trucks in its transport fleet. [22] 

The company operates in closed-type hopper cars (Fig. 2.6). 

 

Fig. 2.6 The closed-type hopper cars of “Grain Alliance” [22] 
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The hopper car model 19-6869 is designed for transportation along main railway 

tracks with a track width of 1520 mm and along the tracks of industrial enterprises, grain 

and other bulk food cargo requiring shelter from precipitation. (Fig. 2.7) A significant 

advantage of the hopper car model 19-6869 over others is the increased volume of the 

body - 120 m³. The cargo is unloaded into the inter-rail space.[23] 

 

Fig. 2.7. Sketch of a hopper car model 19-6869 [23] 

Below are the technical characteristics of the hopper wagon model 19-6869 (Table 

2.5). 

Table 2.5 

The technical characteristics of the hopper wagon model 19-6869 [23] 

1 Body volume, m3 120 

2 Wagon tare weight, t 23.5 

3 Carrying capacity, t 70.5 

4 Design speed, km/h 120 
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The MAN TGX 18.440 model is a new generation tractor unit with a 4x2 wheel formula 

(Fig. 2.8). Its purpose is the transportation of various cargoes as part of road trains over 

medium or long distances.[28] 

 

Fig. 2.8 The MAN TGX 18.440 [28] 

Under the cab of the tractor there is a turbocharged diesel engine with the following 

data: 

Table 2.6 

The technical characteristics of the MAN TGX 18.440 [28] 

1 Number of cylinders  6 

2 Power  440 hp 
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The end of the Table 2.6 

3 Volume  10.5 l 

4 Maximum speed 90 km/h 

5 Fuel consumption 25 l/100 km 

6 The total weight of the road train 40 

 

The BODEX KIS 3WА 50 m³ dump aluminum semi-trailer is used as part of the 

road train with the MAN TGX 18.440 tractor (Fig. 2.9). 

 

Fig. 2.9 The semi-trailer BODEX KIS 3WA 

Three-axle dump truck semi-trailer BODEX KIS 3WA with an aluminum body, 

volume 50 m³, load capacity from 29 to 38.3 tons and a tare weight of 6,500 kg with 

spaced axles, designed for unloading and transporting grain.[29] 

The KamAZ 55102 is a three-axle, frame, rear-wheel drive truck with a front-

mounted power plant. The model has a 6*4 wheel arrangement with steering wheels on 

the front axle. 
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The length of the base model is 7570 millimeters, width 2500 mm, height with the 

body and cab lowered - 2830 millimeters. When transporting bulk cargo, the volume of 

the body is important; in the basic configuration it is 7.9 m3; when equipped with 

additional extension sides, the useful space can increase to 15.8 cubic meters. The 

nominal weight of an unloaded vehicle in running order does not exceed 8,500 kilograms, 

its carrying capacity without a trailer is 7 tons, and the same amount can be loaded onto 

a trailer (Fig. 2.10). 

 

Fig. 2.10 Sketch of a KamAZ 55102 [21] 

KamAZ 55102 is characterized by fairly low fuel consumption - about 25 liters per 

100 kilometers when driving without a load; a loaded vehicle consumes up to 31 liters 

when operating under normal conditions. Fuel consumption largely depends on the speed 

of the truck, and can increase to 40 l/100 km when driving at a speed of 80 km/h. This 

vehicle has a fuel tank that can hold 210 liters of diesel fuel (Fig. 2.11). 
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Fig. 2.11 The KamAZ 55102 6x4 [21] 

According to Table 2.7, comparing the latest data on the amount of grain shipped, 

it can be concluded that in 2022, most of the corn was transported by rail across Ukraine. 

And in 2023, most corn was transported by rail to Slovakia. In second place are soybeans 

and wheat. 

Table 2.7 

Information on the shipment of grain (developed by author) 

2022 year 2023 year 

  
weight, 

tone 
Culture weight, tone Culture 

Export contract motor 
transport 

625 Soybeans  
162,2 Soybeans 
20,9 sunflower 
39,7 wheat 

Contracts for railway 
transport in Ukraine 

703 Soybeans  
10262,6 sunflower 

34618,9 Soybeans 

Export contract Ukrainian 
ports railway transport 

4153,2 Soybeans  7053,3 Soybeans  

80645,7 Corn 
40135,7 Corn 
1054,6 wheat 

Export contract Slovakia 
rail transport 

74391,8 Corn  67620,2 Corn 
7303,4 wheat 5054,1 wheat 
15147 Soybeans 9771,3 Soybeans 

 182969,1  175793,5  
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Since grain is critical to global food security, the EU plans to support logistics in 

and out of Ukraine. 

The European Commission has proposed a plan to help Ukraine with the export of 

grain and other agricultural products. It provides: 

— urgent measures to increase cargo capacity for sending Ukrainian goods 

abroad, 

— increase the throughput of transport networks and transshipment terminals, 

— prioritize grain export supplies from Ukraine, 

— simplify customs operations and other checks, 

— organize temporary storage of grain in the EU. 

General information about a typical Grain Alliance transport fleet specializing in 

the cultivation and export of grain crops: 

1. Trucks: Trucks, such as large trucks, are used to transport grain from fields to 

storage facilities or elevators. They can have a large capacity for transporting large 

volumes of grain. 

2. Agricultural machinery: For growing and harvesting crops, such as combines, 

tractors and other agricultural machinery. 

3. Wagons: To transport large volumes of grain over long distances, the company 

uses railway transport and railway wagons. 

4. Sea and river vessels: To export grain to international markets, the company uses 

sea and river vessels to transport large shipments of grain. 

5. Specialized logistics equipment: For grain storage and processing, the company 

has specialized logistics equipment such as elevators, dryers, containers and silos. 

6. Freight carriers and suppliers: In addition to its own machinery, the company 

cooperates with external carriers and logistics providers to ensure the transportation and 

logistics of grain. 

The company uses 14 John Deere, 8 Case combines and 28 John Deere tractors, 9 

Landini tractors, 3 Massey Ferguson tractors, and 12 MTZ-12 tractors for grain harvesting 

and cultivation.[22] 
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The John Deere S690 combine harvester is one of the most popular in Ukraine and 

the world, because it is designed for harvesting heavy and dense crops with a high yield, 

for example, rapeseed, corn or sunflower (Fig. 2.12) 

 

Fig. 2.12 The John Deere S690 combine [22] 

Below are the technical characteristics of the John Deere S690 combine (Table 2.8). 

Table 2.8 

The technical characteristics of the John Deere S690 combine [22] 

1 Grain hopper volume, m3 14.1 

2 Harvester width, m 10.7 

3 Fuel tank volume, l 1155 

4 Unloading speed, l/sec 135 

 

The front pair of wheels in the S690 has been replaced with tracks. The grain supply 

scheme has 3 flows. The shape of the rotor allows you to save fuel. The sharp front cone 
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increases throughput. Thanks to the increased space around the shaft, the threshing is soft, 

the straw is of better quality, and the kernels are preserved even in sensitive crops. 

A company that specializes in the grain business usually has a diverse fleet of 

vehicles that allows it to efficiently produce, store and transport grain to different markets. 

  



62 
 

2.3 Evaluation of performance indicators of complex transport components 

and logistics systems 

 

The design and operation of complex systems have identified problems whose 

solution is only possible on the basis of a comprehensive assessment of factors that are 

different in nature, heterogeneous connections, external conditions, etc. In this regard, in 

system analysis there is a section related to determining the quality of systems and the 

efficiency of processes implemented in these systems. 

Objectives of assessing complex systems: 

- optimization – selection of the best algorithm from several that implement one 

law of system operation; 

- identification – determination of the system, the quality of which most closely 

matches the real object under given conditions; 

-to make decisions on system management. 

In systems analysis, a distinction is made between “estimation” – the process and 

“assessment” – the result of the process. 

There are four main stages in assessing complex systems. 

1. Determining the purpose of the assessment. 

There are two types of goals: qualitative - achievement is expressed on a nominal 

scale or on an order scale, and quantitative - achievement is expressed on a quantitative 

scale. The definition of the goal must be carried out in relation to the system in which the 

system being assessed is a subsystem (element). 

2. Measuring system properties. 

The essential properties of the system, from the point of view of assessment 

purposes, are identified. The appropriate scales for measuring properties are selected and 

all properties are assigned certain values on these scales. 

3. Justification of quality criteria and criteria for the effectiveness of the system. 

It is carried out based on the results of measuring properties (stage 2). 

4. Assessment. 
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All systems under study are considered as alternative, compared according to 

reasonable criteria and (depending on the purposes of the assessment) ranked, selected, 

optimized, etc. 

Artificial systems are created, as a rule, for specific purposes, the implementation 

of which involves certain types of activities. In this case, the planned and actual results at 

the system output may differ. The degree of difference depends on the conditions of the 

transformation process (quality of resources, quality of the system, environmental factors, 

etc.). 

Therefore, when evaluating systems, it is customary to distinguish between the 

quality of systems and the effectiveness of the transformation processes implemented by 

the system. The relationship between the concepts of quality and efficiency is presented 

in Table 2.9. 

Table 2.9 

The relationship between the concepts of quality and efficiency 

Parameter Quality Efficiency 

Definition of the concept A property or set of essential 

properties of a system that 

ensures its suitability for its 

intended use 

A complex operational property 

of the system’s functioning 

process, characterizing its 

compliance with achieving the 

system’s goal. 

Application area Objects of any nature, 

including elements of 

systems 

Only targeted processes carried 

out by the system 

Main characteristics The set of properties of a 

system that are essential for 

its intended use 

The degree to which the results 

of the transformation 

correspond to its goals 
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The end of the Table 2.9 

Structural Analysis Factor System structure 

(composition and properties 

of components, structure, 

organization) 

Functioning algorithm, quality 

of the system implementing the 

algorithm, environmental 

influences 

Dimension Quality indicator – vector of 

indicators of essential 

properties 

Indicators of effectiveness, 

resource intensity, efficiency in 

terms of the outcome of the 

transformation and the quality 

of the algorithm that provides 

the result 

Assessment method Criteria for suitability, 

optimality, superiority 

Suitability or optimality criteria 

determined depending on the 

type of transformation 

(deterministic, probabilistic, 

uncertain) 

 

Each significant (from the point of view of system quality) characteristic of the 

system (social, legal, technical, economic, etc.) can be described using one or more 

indicators, the values of which characterize the measure (intensity) of this property. This 

measure is called a partial indicator of system quality. Indicators can be quantitative or 

qualitative 

Quantitative indicators (parameters) can be measured and evaluated numerically 

(such as, productivity, cost). Quality indicators do not have generally accepted units of 

measurement (such as, aesthetic properties, ease of use, etc.). However, it should be borne 

in mind that clearly understood quality indicators, as a rule, are also evaluated by numbers 

(such as, ease of maintenance is measured by the time required to detect and eliminate a 

malfunction). 

Any solar power system is a set of subsystems: technical units, people, structural 

units, etc. Methods for determining the parameters of each of the subsystems depend on 

their nature and are established using the appropriate disciplines. In a solar power system, 

subsystems can be connected to each other in parallel, in series or in a mixed way. Thus, 
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the type of dependence of the solar power system parameters on the parameters of the 

component subsystems is determined by the method of connecting the subsystems and 

their nature. According to the type of dependence connecting the values of the parameters 

of the subsystems and the solar power system, all parameters can be divided into additive, 

multiplicative and logical. 

For additive parameters, the following relationship holds: 

                                                        𝑥𝑐 = ∑ 𝑥𝑖
𝑚
𝑖=1                                                      (2.1) 

where 𝑥𝑐 is a system parameter; 𝑥𝑖 − parameter of the i-th subsystem; 𝑚 is the 

number of subsystems in the solar power system. An example of an additive parameter is 

the cost of the system (𝐶𝐶 = 𝐶𝑝 + 𝐶𝑢 + 𝐶𝑒 , where 𝐶𝑝, 𝐶𝑢, 𝐶𝑒 are the costs of 

development, manufacturing and operation, respectively). 

Multiplicative parameters are those parameters that obey the following law: 

                                                        𝑥𝑐 = ∏ 𝑥𝑖
𝑚
𝑖=1                                                      (2.2) 

The probability value of the system operating in accordance with the plan can be 

considered an example of a multiplicative parameter. 

Logical parameters: 

                                                           𝑥𝑐 = 𝑚𝑖𝑛{𝑥𝑖}                                                 (2.3) 

or 

                                                        𝑥𝑐 = 𝑚𝑎𝑥{𝑥𝑖}.                                             (2.4)  

By their nature, parameter values can be deterministic or random. Based on their 

impact on the quality of the system, a distinction is made between increasing and 

decreasing parameters. 

Choosing the right indicator determines the results of evaluating various decision 

options. 

A generalized indicator of the quality of a system is a vector 𝑌 =

{𝑦1, 𝑦2 , … , 𝑦𝑛} whose components are partial indicators of individual properties of the 
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system. The dimension n is determined by the number of essential properties of the 

system. 

In the general case, particular indicators have different physical natures and 

dimensions. In this regard, when determining a general indicator of system quality, they 

use not natural partial indicators, but their normalized values, which ensures that the 

indicators are brought to the same scale: 

                                                           𝑦𝑖
𝐻𝑂𝑃𝑀 =

𝑦𝑖

𝑦𝑖
∗, 𝑖 = 1,2, … , 𝑛,                            (2.5) 

where 𝑦𝑖
∗ is some “ideal” value of the i-th indicator. 

There are several options for choosing the “ideal” value of the indicator: 

- the “ideal” value is set by the decision maker and is “exemplary”; 

-as “ideal” you can choose the maximum permissible value of a particular 

indicator; 

-as “ideal” you can choose the difference between the maximum and minimum 

values of particular indicators. 

An ideal system is usually called a hypothetical model of the system under study 

that satisfies all quality criteria: 

                                                                𝑌∗ = {𝑦1
∗, 𝑦2

∗, … , 𝑦3
∗}.                                 (2.6) 

The adequacy region is a certain neighborhood of the values of indicators of 

essential properties of the system, the radius of which has a normalized value determined 

by the following dependence: 

                                                                𝛿 =
|𝑌𝑔𝑜𝑛−𝑌∗|

|𝑌∗|
. (2.7) 

Over the past fifteen years, the corporate status of logistics in most Ukrainian and 

global companies has undergone impressive changes: from an auxiliary to a strategic 

function of the main production. Strategic alliances, expanding product ranges, market 

segmentation, environmental impacts and the global economy will continue to increase 

planning requirements in the face of uncertainty. The problem of strategic design and 
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scientific management of logistics systems gained particular importance after the post-

industrial revolution, but only recently has it become possible to develop full-fledged 

distribution systems using modern means of computing, telecommunications and 

information technologies, which are really optimal for practical use in the largest 

companies. Along with information technologies, the application areas of logistics system 

design software have changed. Many individual management functions are grouped under 

the functions of material flow management in the integrated logistics of an enterprise or 

a group of enterprises. 

The goal of supply chain management is to maximize the total value created by the 

supply chain. This value is defined as the difference between the time that the customer 

is willing to pay for the product and the costs that occur in the aggregate in supply chains. 

For most supply chains, this indicator can be called "supply chain profitability", defined 

as the difference between the revenue received from the customer and the total costs in 

the supply chain. 

Therefore, there is a need to define the main indicators for evaluating the efficiency 

of supply chains. 

When studying the mechanism of the supply chain, it was established that one of 

the main stages of its application is the stage of evaluating the effectiveness of the 

proposed logistics chain, because based on its results, a decision is made on the 

implementation of the supply chain in case of satisfaction with the final effect. Otherwise, 

restructuring or modification of the supply chain is required. According to the concept of 

implementing SCM (Supply Chain Management), the majority of scientists determine the 

directions and sources of improving the efficiency of the enterprise (Table 2.10). 
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Table 2.10 

The effectiveness of the implementation of the SCM concept 

Directions for improving the 

efficiency of the enterprise 

Sources of increasing the efficiency of the enterprise 

1. Increasing the number of 

orders and increasing the 

stability of demand 

1. Increasing accuracy in planning based on unified 

information channels 

2. Reduction of insurance 

reserves 

2. Improving the quality of operational management 

due to continuous monitoring of the entire logistics 

chain, timely identification of deviations and 

violations in the functioning of the logistics chain. 

3. Reducing risks and increasing 

the reliability of execution of 

plans and deliveries 

3. Reduction of some marketing and logistics costs due 

to the elimination of business processes associated 

with uncertainty in procurement, warehousing and 

sales. 

 

Establishing evaluation indicators for each basic process of the supply chain 

(according to the SCOR model) (Table 2.11). 
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Table 2.11 

Key performance indicators of supply chains 

Basic supply chain 

processes 

Indicators that have a direct impact on increasing the efficiency of 

supply chains 

1 2 

Planning production volumes 

distribution system 

accuracy of forecasts 

number of channels 

production facilities in channels 

inventory holding costs 

planning costs 

stocks of obsolete products 

duration of the planning cycle 

Purchase of  

stocks 

quality of supplies 

efficiency of supplier selection 

supply efficiency 

  inventory level 

product range 

share of costs for long-distance deliveries 

resource acquisition costs 

duration of supply 

raw material utilization factor 
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The end of the Table 2.11 

Production product quality 

pace of implementation of production orders 

product range 

production elasticity 

percentage of products made to order 

 the number of defective products 

duration of production 

percentage of products produced per warehouse 

Marketing the number of orders received 

the number of orders per sales channel 

the number of sales channels 

the number of directions of supply 

the number of completed orders 

 order management costs 

duration of orders 

 the number of complaints and requests for returns 

share of returned goods 

Return refusal of complaints 

the effectiveness of drawing up return schedules 

 number of returns 

amount of compensation payments 

time to establish the reasons for the returns 

time to identify the guilty parties 
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It is proposed to set calculation coefficients for each group of indicators. Each 

enterprise can choose the most important indicators and their calculation. 

As a result of the calculations, it is proposed to calculate the integral coefficient of 

efficiency of supply chains 𝐸𝑆𝐶: 

                                        𝐸𝑠𝑐 = ∑ ∑ 𝐶𝑖∗𝑘𝑖𝑗                                                     

𝑛

𝑖=1

𝑚

𝑗=1

             (2.8) 

𝑘𝑖𝑗 – the average indicator of efficiency assessment for each group of coefficients 

of the basic processes of supply chains; 

𝑛 is the number of basic supply chain processes according to SCOR model (𝑛 = 5); 

𝑚 is the number of coefficients in each group of basic processes. 

The specific weight of each group of indicators is established using the method of 

expert evaluations or the method of hierarchies. The average indicator of efficiency 

assessment for each group of coefficients of the basic processes of supply chains is 

calculated according to the established coefficients in each group of indicators, the limits 

of each coefficient can be calculated or benchmark values can be set to facilitate the 

analysis of the results of the obtained calculations. 

It is also important to distinguish between quantitative and qualitative indicators. 

To assess the effectiveness of supply chain management in terms of quality indicators, 

the following factors must be taken into account: 

• reliability of the logistics supply chain (which includes its controllability and 

predictability and provides reliability of delivery terms, availability of the goods at the 

supplier, reliability of demand); 

• fulfillment of conditions by the deadline for the entire supply chain; 

• level of service; 

• cost control (money, time); 

• the relationship between the logistics process and the sales planning process; 

• loyalty of suppliers [18]. 
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Having assessed the efficiency of the supply chain, you should always focus on 

possible ways to increase it. International studies on improving the efficiency of supply 

chains [19] recommend the following directions (Table 2.12). 

Improving supply chain visibility, upskilling, investing in smart technologies, and 

developing a project plan that will guide every step of the way to improve supply chain 

efficiency will put the company on a path to achieving and exceeding goals and 

objectives. 

Table 2.12 

Directions for improving the efficiency of supply chains 

Directions 

for 

increasing 

the 

efficiency 

of supply 

chains 

Recommendations on the 

implementation of directions for 

increasing the efficiency of supply 

chains 

Responsible departments and 

managers 

Increasing 

supply 

chain 

visibility 

Enabling suppliers to check their 

inventory in real-time so they can better 

understand your current situation – and 

plan ahead to meet future needs 

Internal service allows key 

team members to access 

account information that can 

help them strategize on their 

own without risking too much 

backtracking 

Automation Introduction of automated components 

into the warehouse with a thorough 

inspection that ensures that all automated 

parts are well managed and maintained 

Additional training and 

additional education from 

suppliers, warehouse 

managers and planning teams 
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The end of the Table 2.12 

Involvemen

t of own IT 

department 

It is necessary not only to use specialists 

from the IT department, but to 

periodically check with them about 

possible software changes that could 

streamline supply chain processes. It is 

the employees who have the most 

holistic understanding of technology 

changes in the field of supply chain 

management that can contribute to the 

company's advance in the services 

market 

Often, IT consulting 

management provides direct 

consultation only when it's 

time to implement new 

software or something goes 

wrong with the current system. 

It is more effective to involve 

specialists of one's own IT 

department on a permanent 

basis 

Evaluation 

of own 

training 

programs 

Reviewing all training materials and 

procedures to ensure they are all up-to-

date and performance oriented. 

Planned review of training 

programs with heads of each 

department, particularly those 

overseeing the largest 

workforce 

Developme

nt of a new 

project plan 

A project plan is a framework that can 

guide an enterprise in making strategic 

investments in supply chain capabilities, 

developing a distribution strategy, 

establishing communication channels, 

identifying risks and opportunities, and 

facilitating cross-functional decision-

making and project improvement. The 

project plan provides a central point of 

reference for all initiatives 

Improving the efficiency of 

supply chains requires 

collaboration between teams 

and departments. This will 

help align decisions and 

investments with supply chain 

goals and the broader 

corporate vision 

 

The natural functioning of the market mechanism not only establishes a balance 

between supply and demand in all markets and between the prices of all goods, services 

and factors of production, but also ensures the optimal functioning of the economic 

system in general. 

The capacity of the logistics system is determined by the maximum volume of 

material flow that passes through the logistics system at any moment in time. 

Optimizing the capacity of the logistics system is due to the need, on the one hand, 

to match the logistics system to the assigned tasks, and on the other hand, to optimize 
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costs associated with excess or underutilized capacities. In practice, three methods of 

optimizing the capacity of the logistics system are used:[20] 

1st - balance method. It consists of three stages: 

- drawing up a balance sheet of logistics system capacities based on the results of 

product analysis and formalization; 

- calculation of the necessary capacities to obtain the required quantity and required 

quality of the product; 

-comparison of the received power values with the actual capabilities. 

Based on the available surplus or deficit of the capacity of the logistics system, we 

obtain the amount of the necessary correction of the product. 

2nd - the method of "bottlenecks". Bottlenecks are any resource whose capacity 

(bandwidth) is less than the need for it. At the same time, we can talk about bottlenecks 

in logistics systems as a control point that can control the entire system, since such a 

resource works all the time and gives confidence that as a result of previous operations, 

no excess volume of products is produced, no excess stocks of unfinished products are 

created, which this resource unable to overcome 

A "bottleneck" may appear in any link of the logistics system, in particular, the 

appearance of "bottlenecks" in the supply sector is caused by a lack of raw materials for 

increasing production volumes. On the other hand, the appearance of "bottlenecks" in the 

technological chain in the case of small production capacities is not excluded. Small 

capacities of warehouses, packaging shops, and vehicles form "bottlenecks" in the 

logistics channel, which reduce the throughput of the logistics system with significant 

volumes of production. Ways to overcome bottlenecks are quite different depending on 

where they occur: for example, the introduction of additional equipment, the use of 

outsourcing during peak seasonality, etc. 

It is appropriate to note that "bottlenecks" have the following feature: after it is 

eliminated in one link of the logistics system, it is possible that it will appear in another. 

Therefore, it is necessary to constantly monitor the main links of the logistics system, 

studying their capacities. 
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3rd - the method of detecting excess capacities. In terms of content, it is the 

opposite of the "bottlenecks" method. All links, where excess capacity is detected, are 

reduced to optimal limits. 

To optimize the capacity of the logistics system at the Grain Alliance enterprise, 

the "bottleneck" method was used. 

The bottleneck of the logistics system arises for two reasons: 

1) a specific link in the system received either incomparably high or incomparably 

low revenues from other units and thus reduced the efficiency of the system as a whole; 

2) a specific link of the considered system provided incorrect data to the 

management, as a result of which there was a "mismatch" of data when planning the 

activities of the logistics system.  

The procedure for identifying bottlenecks in the logistics system is as follows: 

1) all links of the logistics system are assigned a serial number in the direction of 

material flow movement; 

2) for each link, the efficiency of the interaction of the links of the logistics system 

with an amendment to this link j is calculated; 

3) indicators of efficiency of links’ interaction calculated in 2) are compared among 

themselves; 

4) from all indicators of efficiency of links’ interaction the largest is chosen and 

number of the link corrected during the calculation of the given indicator is fixed; 

5) the link under the fixed number is a bottleneck of the macrologistics system. 

In the “Farm process” of the supply chain of Grain Alliance we have 5 links of 

logistics system. There are: 1st- Crop cultivation and harvesting (55%), 2nd- Road 

transport (10%), 3rd-Elevator (5%), 4th-Rail transport and international transportation 

(20%), 5th-Elevator abroad (10%) (Table 2.13.). 
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Table 2.13 

Initial data for calculating the coefficients of economic efficiency of the logistics 

system, thousand UAH (developed by author) 

Link number 1 2 3 4 5 

Costs of the link, Ci 23918 4348 2174 8698 4400 

Net profit of the link, Pni 7082 1300 645 2576 1287 

Gross assets of the link, Agi 127368 23158 11579 46315 24000 

 

1. Determine the efficiency of economic activity of this system. 

1.1. Calculate Share of each link in the total costs of the logistics system Sci : 

𝑆𝑐𝑖 =  
𝐶𝑖

∑ 𝐶𝑖
𝑛
𝑖=1

                                                                                 (2.8)                               

 

where n – total number of links in the macrologistics system. 

1.2. Calculate Share of each link in the net profit of the logistics system Spi : 

                                                                  𝑆𝑝𝑖 =  
𝑃𝑛𝑖

∑ 𝑃𝑛𝑖
𝑛
𝑖=1

                                                                    (2.9)                                                                    

1.3. Calculate Coefficient of economic efficiency for each link of the logistics 

system Ei: 

                                                                  𝐸𝑖 =  
𝑆𝑝𝑖

𝑆𝑐𝑖
                                                                             (2.10)                                                                        

1.4. Enter calculated indicators in Table 2.14. and rank the links of the logistics 

system by the value of the Coefficient of economic efficiency. 
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Table 2.14 

The results of calculating the coefficients of economic efficiency of the links in the 

logistics system (developed by author) 

Link number 1 2 3 4 5 

Share of each link in 

the total costs of the 

logistics system, Sca 

0,5493591

8 

0,0998667

8 

0,0499333

9 
0,1997795 

0,10

1061

14 

Share of each link in 

the net profit of the 

logistics system, Spi 

0,5494181

5 

0,1008533

7 

0,0500387

9 

0,1998448

4 

0,09

9844

84 

Coefficient of 

economic efficiency 

for each link of the 

logistics system, Ei 

1,0001073

5 

1,0098790

8 

1,0021107

8 

1,0003270

5 

0,98

7964

7 

Rank of links in the 

logistics system 
4 1 2 3 5 

 

2. Determine the efficiency of the link as part of an macrologistics system. 

2.1. Calculate Profitability of each link in the logistics system Pi : 

                                                                                          𝑃𝑖 =  
𝑃𝑛𝑖

𝐴𝑔𝑖
                                                                             (2.11) 

2.2. Calculate Profitability of the logistics system Pls : 

                                                                 𝑃𝑙𝑠 =  
∑ 𝑃𝑛𝑖

𝑛
𝑖=1

∑ 𝐴𝑔𝑖
𝑛
𝑖=1

                                                                  (2.12) 

2.3. Calculate Weighted average profitability of the logistics system Paw : 

                                        𝑃𝑎𝑤 =  
1

(𝑛−1)
 (

𝑃1

2
+ ∑ 𝑃𝑖+1

𝑛−1
𝑖=1 +

𝑃𝑛

2
)                                             (2.13) 

2.4. Calculate Performance indicator of the links in the logistics system PI : 
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                                                                 𝑃𝐼 =  
𝑃𝑙𝑠

𝑃𝑎𝑤
                                                                            (2.14) 

2.5. Enter calculated indicators in Table 2.15. compare Performance indicator of 

the links in the logistics system PI with Coefficients of economic efficiency for each link 

of the logistics system Ei. 

Table 2.15 

The results of calculating the performance indicators of the link in the logistics 

system (developed by author) 

Link number 1 2 3 4 5 

Profitability of each link in 

the logistics system, Pi 

0,0556026

6 

0,0561361

1 

0,0557042

9 

0,0556191

3 

0,05

362

5 

Profitability of the 

logistics system, Pls 
0,055459943 

Weighted average 

profitability of the 

logistics system, Paw 

0,055518341 

Performance indicator of 

the links in the logistics 

system, PI 

0,998948143 

 

3. Identify a bottleneck in the macrologistics system. 

3.1. Calculate for each link Performance indicator of the links’ interaction in the 

logistics system PIj , adjusted for link j: 

                                                           𝑃𝐼𝑗 =  
𝑃𝑙𝑠𝑗

𝑃𝑎𝑤𝑗
                                                                                (2.15) 

where 𝑷𝒂𝒘𝒋 - Weighted average profitability of the logistics system, adjusted 

 for link j; 
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            𝑷𝒍𝒔𝒋 - Profitability of the logistics system, adjusted for link j: 

                                                                                   𝑃𝑙𝑠𝑗 =  
𝑃𝑛𝑖𝑗

𝐴𝑔𝑖𝑗
                                                                               (2.16) 

where 

                                                                          𝑃𝑛𝑖𝑗 = ∑ 𝑃𝑛𝑖 −  𝑃𝑛𝑗
𝑛
𝑖=1                                                            (2.17) 

                                                                         𝐴𝑔𝑖𝑗 = ∑ 𝐴𝑔𝑖 −  𝐴𝑔𝑗
𝑛
𝑖=1                                                           (2.18) 

Weighted average profitability of the logistics system (adjusted for link j) 𝑷𝒂𝒘𝒋 : 

 for j=1:    

                                                       𝑃𝑎𝑤𝑗 =  
1

(𝑛−2)
 (

𝑃2

2
+ ∑ 𝑃𝑖

𝑛−1
𝑖=3 +

𝑃𝑛

2
)                                        (2.19) 

for j=2,3,…., n-1:    

                                             𝑃𝑎𝑤𝑗 =  
1

(𝑛−2)
 (

𝑃1

2
+ ∑ 𝑃𝑖

𝑛−1
𝑖=2 +

𝑃𝑛

2
− 𝑃𝑗)                                      (2.20) 

for j=n:    

       𝑃𝑎𝑤𝑗 =  
1

(𝑛−2)
 (

𝑃1

2
+ ∑ 𝑃𝑖

𝑛−2
𝑖=2 +

𝑃𝑛−1

2
)                      (2.21)                     

3.2. Enter calculated indicators in Table 2.16.  
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Table 2.16 

The results of performance indicators of the link’ interaction, adjusted for link j 

(developed by author) 

Number of the chain 

in the logistics 

system, j 

1 2 3 4 5 

Net profit of the 

logistics system as a 

whole without link j, 

thousand UAH 

5808 11590 12245 10314 11603 

Gross assets of the 

logistics system as a 

whole without link j, 

thousand UAH 

105052 209262 220841 186105 208420 

Profitability of the 

logistics system 

without link j 

0,0552869 0,0553851 0,0554471 0,0554203 0,05567124 

Weighted average 

profitability of the 

logistics system 

without link j 

0,0554013 0,0553124 0,0554563 0,0554847 0,0558171 

Performance indicator 

of the link’ interaction 

in the logistics system, 

PIj 

0,9979347 1,0013143 0,9998336 0,9988390 0,99738685 

The bottleneck of the 

logistics system 
  

The 

bottleneck 

of the 

logistics 

system 
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According to our calculations, we have that the bottleneck of the logistics system 

is the link "Road transport", the activity of which reduces the efficiency of the logistics 

system as a whole. 

 

Conclusions to Chapter 2 
 

In conclusion, Baryshivska Grain Company LLC, operating under the umbrella of 

Grain Alliance, has evolved into a prominent player in Ukraine's agricultural sector since its 

inception in 1998. Starting with no land but significant equipment, the company has grown 

to cultivate around 57,000 hectares of arable land in central Ukraine. With a strategic focus 

on optimizing sown areas, soil conservation, and fostering positive relationships with 

employees and landlords, the company's ethos extends beyond mere profit-making. The 

diversified activities of Baryshivska Grain Company encompass crop production, livestock 

farming, and an extensive elevator network with a total storage capacity of 250 thousand 

tons. The emphasis on the culture of agriculture, development across the agro-industrial 

complex, and collaboration with local communities underscores its commitment to holistic 

growth. 

Grain Alliance, specializing in the cultivation and export of grain crops, demonstrates 

a sophisticated approach to logistics, recognizing its pivotal role in the success of their 

operations. The detailed exploration of their logistics business processes, from harvesting 

and transportation to storage, planning, distribution, quality control, and after-sales service, 

reveals a holistic strategy aimed at ensuring efficient and reliable grain delivery to diverse 

markets. The detailed overview of Grain Alliance's transport fleet, including trucks, 

agricultural machinery, wagons, sea and river vessels, and specialized logistics equipment, 

reflects the company's commitment to utilizing a diverse range of resources for optimal grain 

transportation and logistics. The incorporation of innovative technologies, such as closed-

type hopper cars and advanced combine harvesters like the John Deere S690, exemplifies 

the company's commitment to efficiency and sustainability in its operations. 

Additionally, the challenges faced by the company, particularly the suspension of 

grain export operations by sea due to hostilities in southern Ukraine, were determine. The 
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strategic move to reorient grain exports through western regions and Europe, along with the 

acquisition of a transshipment elevator in the Slovak Republic, highlights the company's 

adaptability and resilience in the face of geopolitical challenges. 

In summary, the detailed exploration of Grain Alliance's operations and its integration 

into the broader agricultural supply chain provides valuable insights into the complexities 

and strategic considerations inherent in modern agribusiness. The company's multifaceted 

approach, encompassing logistics, technology, and sustainability, positions it as a dynamic 

player in the global grain market. A crucial aspect of the chapter involves the introduction 

of a generalized indicator of system quality, represented as a vector of partial indicators. The 

normalization of these values is proposed, using an "ideal" value for each indicator. The 

concept of an ideal system, along with the adequacy region, is introduced to further enhance 

the understanding of system evaluation. Finally, the chapter touches upon the role of the 

market mechanism in establishing balance and optimal functioning within the economic 

system. The optimization of logistics system capacity is explored through three methods: 

the balance method, the method of bottlenecks, and the method of detecting excess 

capacities. The application of the bottleneck method is illustrated through a case study of 

the Green Alliance enterprise, where road transport is identified as the bottleneck affecting 

the efficiency of the logistics system. 
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CHAPTER 3 

 IMPROVEMENT OF "GRAIN ALLIANCE" ACTIVITIES DUE TO 

OPTIMIZATION OF LOGISTICS SYSTEM 
 

 

3.1 Ways to develop logistics system of Grain Alliance 

 

Optimizing the transport fleet, routes and warehouse space at Grain Alliance can 

significantly improve logistics processes and reduce costs. Here are specific 

recommendations for this: 

1. Automation of warehouse management: 

- Implementation of warehouse management systems (WMS) to optimize the 

processes of receiving, storing and issuing goods. 

-Using automation technologies such as unmanned vehicles to move goods around 

the warehouse. 

2. Route optimization: 

-Using routing algorithms to optimize delivery and pickup of goods. 

-Regular route updates based on traffic data, weather conditions and other factors. 

3. Use of GPS and IoT technologies: 

- Installation of GPS systems on vehicles to track location and detect delays. 

-Using IoT sensors to monitor the condition of goods during transportation and in 

the warehouse. 

4. Modernization of the transport fleet: 

- Consideration of the possibility of replacing outdated vehicles with more efficient 

and environmentally friendly models. 

-Using vehicles with built-in systems for tracking and monitoring performance 

indicators. 
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5. Optimization of warehouse space: 

- Analysis of the use of space in the warehouse and optimization of the placement 

of goods to reduce delivery time. 

-Using automated warehouse systems for efficient movement of goods and 

minimizing errors. 

6. Energy efficiency in the warehouse: 

- Implementation of energy-efficient technologies and lighting systems to reduce 

electricity consumption. 

- Studying the possibilities of using alternative energy sources for warehouse needs. 

7. Cost management system: 

-Using a cost management system to monitor and control operating costs. 

- Analysis of efficiency indicators and improvement of processes taking into 

account cost savings. 

8. Staff training: 

-Provision of personnel with skills for effective use of new technologies and 

management systems. 

- Organization of trainings and seminars on optimization of processes in the 

warehouse and in logistics. 

These recommendations should be taken as a basis and adapted to the specific 

needs and characteristics of Grain Alliance. It is important to systematically monitor 

results and make adjustments to achieve maximum efficiency. 

A warehouse management system (WMS) can significantly improve warehouse 

management efficiency for a business like Grain Alliance. Here are some possible benefits 

and improvements that implementing a WMS can bring: 

1. Productivity increase: 

A WMS allows you to automate many routine tasks, such as inventory 

management, product placement, and order picking. This helps to reduce the time of 

operations and increase the productivity of workers in the warehouse.[33] 

2. Minimization of errors: 
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Automation of warehouse management processes helps to reduce human errors in 

keeping inventory records, tracking the movement of goods and assembling orders. This 

contributes to increasing the accuracy and reliability of information. 

3. Optimizing the use of space: 

WMS allows efficient use of space in the warehouse, optimizing the placement of 

goods and taking into account their characteristics. This helps increase the amount of 

goods that can be stored in the warehouse and reduces unproductive spaces. 

4. Quick feedback and response: 

Thanks to the WMS system, management gets quick access to up-to-date 

information about stocks and warehouse operations. This allows you to quickly respond 

to changes in demand, improving planning and reducing reaction time to market changes. 

5. Cost reduction: 

Using a WMS can help reduce excess inventory, avoid supply delays, and optimize 

distribution processes. This can lead to significant savings in inventory management costs 

and optimization of logistics costs. 

6. Reporting and analytics system: 

WMS provides an integrated reporting and analytics system that allows you to get 

detailed information about all aspects of warehouse management. This facilitates strategic 

decision-making and improves the analysis of the efficiency of warehouse operations. 

Implementing a WMS can significantly improve warehouse management 

efficiency for a company like Grain Alliance by streamlining processes, increasing 

accuracy and optimizing resources. 

GPS and Internet of Things (IoT) technologies can significantly improve efficiency 

and process management in an agribusiness company. Here are a few ways these 

technologies can be used:[34] 

GPS technologies in agribusiness play a key role in improving farm management, 

increasing production efficiency and reducing costs. Here are some of the ways they are 

used: 

1. Precision farming: 

-GPS-hydraulics and self-tracking: 
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Agricultural machinery can be equipped with GPS-hydraulics, which allows 

automatic control of the equipment in the field. Auto-tracking ensures the accuracy of 

machine movement, which allows you to avoid overlapping and gaps in processing. 

- Field mapping: 

With the help of GPS technologies, you can create detailed field maps that indicate 

various parameters, such as soil moisture, uniformity of fertilizer application, and other 

parameters.[35] 

-Management of fertilizers and pesticides: 

GPS technologies make it possible to precisely determine the places where 

fertilizers or pesticides need to be applied, which contributes to more efficient use of 

resources and environmental protection. 

2. Machine learning and analytics: 

-Harvest monitoring systems: 

GPS data can be used to create systems that monitor yields in different areas of the 

field. This allows agronomists to respond to problems in a timely manner and optimize 

farm management. 

- Prediction of plant development: 

The collected data can be used to create models for predicting the development of 

plants, which allows to optimize the time of watering, application of fertilizers and other 

aspects of agricultural activity. 

3. Accurate location marking (Geotagging):[36] 

-Inventory management: 

Using GPS to mark the locations of objects on the farm helps in efficient 

management of inventory such as equipment, vehicles and more. 

- Animal care: 

In agriculture, GPS can be used to track the movement of animals, which allows 

monitoring their location, health and safety. 

4. Logistics and transportation: 

- Transport routing: 
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GPS helps determine optimal routes for transporting agricultural products, which 

reduces delivery time and costs. 

-Cargo monitoring: 

GPS can be used to track cargo and control its location, which facilitates the 

logistics process. 

The use of GPS technologies in agribusiness allows farmers to increase 

productivity, reduce costs and implement more accurate and efficient farm management. 

Internet of Things (sensors, controllers, etc.) that exchange data with each other 

without human intervention. Based on these data, the software generates understandable 

reports for the farmer.[37] 

Constituent elements of the IoT platform: 

1. Electronic field maps; 

2. Sensors on the equipment: GPS trackers, seed and fertilizer counters, harvester 

hopper filling sensors; 

3. Fuel level sensors and flow meters; 

4. Ultrasonic scanners (depth of field plowing, grain truck body filling, analysis of 

trace elements in the soil, etc.); 

5. Electronic weight controllers on the elevator, hygrometers on the elevator; 

6. Electronic gas stations; 

7. RFID cards and readers: automatic identification of the driver and vehicle;[38] 

8.BLE-tags of trailer equipment; 

9. The "own-other" system for the harvester and the grain truck; 

10. Weather stations; 

11. Drones, satellites. 

Sensors and controllers installed on agricultural machinery (seed counters, 

controllers on sprayers, flow meters and fuel level sensors, combine hopper filling 

sensors, grain truck filling scanner, plowing depth scanner) and sensors on scales and 

elevators (moisture meters, grain quality scanners and weight controllers ) exchange data 

and visualize information on your computer screen in the form of clear reports.[39] 
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All data collection takes place without human intervention, which minimizes the 

possibility of misuse of goods and material values and embezzlement at the agricultural 

enterprise. 

Data from the IoT platform is easily integrated with 1C, ERP, CRM systems, with 

Microsoft Power BI, thanks to which the management and the owner see a complete and 

clear picture of the activity of the agricultural enterprise: from the write-off of goods and 

calculations of the cost of grain drying in the elevator, based on the actual humidity 

recorded sensor, before calculating wages for actually cultivated hectares.[40] 

The software collects field images and data from satellites, airplanes, drones, and 

then analyzes them with the help of artificial intelligence and provides information about 

the condition of fields and crops for agronomists and farmers. 

IoT technologies in agro-industry ( Fig. 3.1):[41] 

1. Plant monitoring systems: 

-Using IoT sensors for monitoring the condition of plants, measuring the level of 

moisture, illumination and other parameters. 

-Automated notification of adverse conditions or the need for watering or 

processing. 

2. Tracking the stages of plant development: 

-Using IoT technologies to track plant growth stages and determine optimal 

moments for agrotechnical measures. 

-Ensuring an accurate and individual approach to each gender. 

3. Crop monitoring systems: 

-Using sensors and IoT platforms to collect yield data. 

-Data analysis to improve fertilization strategies, plant treatments and optimization 

of production processes. 

4. Monitoring of conditions of warehouses and storage of products: 

-Using IoT systems to control temperature, humidity and other conditions in 

agricultural warehouses. 

-Automation of the ventilation system, cooling and other parameters to preserve 

product quality. 
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5. Fleet and transport management: 

-Using IoT to monitor fleet and equipment status.[42] 

-Systems for diagnosis and prediction of technical problems to reduce the risk of 

breakdowns and increase the uptime of equipment. 

 

Fig. 3.1 View of the Internet of Things in an agro-industrial company [43] 

Implementation of such technologies will help Grain Alliance to optimize 

production processes, increase efficiency and reduce costs, which is important in the agro-

industrial sector. 
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3.2 Optimization of logistics processes of the company "Grain Alliance" at the 

stages of harvesting and transporting grain to the elevator 

 

The transport process at an agro-industrial enterprise consists of sequentially 

executed elements; transport, loading, unloading, auxiliary and downtime for 

organizational and technical reasons. 

Each of the specified elements of the transport process, in turn, consists of a number 

of operations and works performed during the preparation of the machine and cargo, or 

during transportation, loading and unloading operations. The specified list establishes the 

sequence of operations on objects and on the route in general. 

At the time of the study, the Grain Alliance enterprise uses the traditional grain 

transportation algorithm from the field- two-stage grain harvesting "combine John Deere 

S690 – KamAZ 55102 grain truck" (Fig.3.2)  

 

Fig. 3.2 The process of harvesting and transporting grain according to the 

"combine John Deere S690 – KamAZ 55102 grain truck " algorithm (developed by 

author) 

We will calculate the productivity of the work of harvesting and transport 

complexes and the costs of transportation of grain crops (corn). 

For calculations, we will take the John Deere S690 combine harvester (3 combines) 

and the Kamaz 55102 grain truck (6 trucks). The technical characteristics of these two 

vehicles are presented in Chapter 2. 
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The main link in the modeling of transport processes in crop production is the 

determination of the productivity of an agricultural complex, for example, a harvesting 

one. 

The productivity of a single harvester John Deere S690 can be determined by the 

formula [30, 31]: 

                                 𝑤𝐶𝑖 = 0,1 × 𝐵 × 𝑉𝐶 × 𝑄 × 𝐾sh ,  (3.1) 

where В – harvesting width of the combine, m; 

𝑉𝐶  - working speed of the combine, km/h; 

𝑄 - yield, t/ha; 

𝐾sh - coefficient of use of working shift time, 𝐾sh = 0.75 .  

𝑤𝐶𝑖 = 0,1 × 10.7 × 6 × 5 × 0.75 = 24.1 t/hour 

The time of filling the hopper of the combine is 𝑡𝑓 = 0.33 hours. 

The distance or length of the run, at which the harvester hopper is filled, is 

determined from the equation: 

                                                   𝑙𝑟 =
104×𝑉ℎ×𝜌𝑐

𝐵×𝑄
                                              (3.2) 

where 𝑉ℎ-grain harvester bunker volume, m3; 

𝜌𝑐-bulk density of grain of the harvested crop, t/m3. 

𝑙𝑟 =
104×14.1×0.76

10.7×5
= 2003 m 

When working in a complex group of combines consisting of a number of 𝑁𝑐, the 

total productivity will be equal to: 

                                                          𝑊𝑐 = 𝑁𝑐 × 𝑊𝑐𝑖                                 (3.3) 

𝑊𝑐 = 3 × 24.1 = 72.3 t/hour 
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The time of the working cycle, when the combine hopper will be filled, is 

determined from the equation: 

                                        𝑇𝑤𝑐 = 𝑡𝑓 × (𝑁𝐶 − 1)                                               (3.4) 

𝑇𝑤𝑐 = 0.33 × (3 − 1) = 0.66 hours 

The productivity of a single vehicle KamAZ that serves the combine is determined 

from the equation [30, 31]: 

                                            𝑊𝑣𝑖 =
𝑞𝑛×𝛾×𝛽×𝑉𝑡𝑣

(𝑙𝐶+𝑉𝑡𝑣×𝛾×𝑡𝐿−𝑈)
 (3.5) 

where 𝑞𝑛- nominal carrying capacity of the vehicle, t; 

𝛾- load capacity utilization factor; 

𝛽-mileage utilization factor; 

𝑉𝑡𝑣- technical speed of the vehicle, km/h; 

𝑙𝐶- the distance over which the grain is transported, km; 

𝑡𝐿−𝑈- time of loading and unloading the vehicle, hours. 

𝑊𝑣𝑖 =
7×0.86×0.5×60

(22+60×0.5×0.25)
 = 6.1 t/hour 

We determine the coefficient of use of the carrying capacity of the vehicle from the 

equation [30, 31]: 

                                                    𝛾 =
𝑞𝑎𝑐𝑡

𝑞𝑛
                                                          (3.6) 

where 𝑞𝑎𝑐𝑡- the actual carrying capacity of the vehicle, t. 

𝛾 =
6

7
= 0.86 

The coefficient of use of the vehicle mileage is determined from the equation [30, 

31]: 
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                                                      𝛽 =
𝑙𝑐

𝑙𝐺
                                                           (3.7) 

where 𝑙𝐺- total mileage of the vehicle with and without cargo, km. 

𝛽 =
22

44
= 0.5 

The working cycle of a Kamaz vehicle can be determined by the formula: 

                                          𝑡𝐶𝑣 = 𝑡𝑓 + 𝑡𝐶 + 𝑡𝑤 + 𝑡𝐿−𝑈                                      (3.8) 

where 𝑡𝑓- the time of filling the hopper of the combine, hour; 

𝑡𝐶- time of movement of the vehicle with cargo, h; 

𝑡𝑤-time of return of the vehicle without cargo (idle run), h. 

𝑡𝑐𝑣 = 0.33 + 0.36 + 0.31 + 0.25 = 1.25 h 

The time of movement of a vehicle with a load is determined from the equation 

[30, 31]: 

                                                      𝑡𝑐 =
𝑙𝐶

𝑉𝑡𝑣
                                                       (3.9) 

𝑡𝑐 =
22

60
= 0.36 h 

The time of movement of a vehicle without a load (idle mileage) is determined 

from the equation [30, 31]: 

                                                       𝑡𝑤 =
𝑙𝑤

𝑉𝑡𝑣
                                                   (3.10) 

𝑡𝑤 =
22

70
= 0.31 h 

The working cycle time of a group of vehicles is determined from the equation [30, 

31]: 

                                            𝑇𝑤𝑐 = 𝑡𝑐𝑣 × (𝑁𝑣 − 1)                                         (3.11) 
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𝑇𝑤𝑐 = 1.25 × (6 − 1) = 6.25 h 

The costs of transporting grain by vehicle from the combine to the elevator are 

determined from the equation [32]: 

                                              𝐶𝑣𝑖 =
𝑙𝐺×𝐾×𝐺

𝛾×𝑞𝑎𝑐𝑡
+

𝐶𝑑+𝐴𝑣+𝐶𝑡+𝐶𝑜

𝑃
                              (3.12) 

where 𝐾- cost of 1 kg of fuel and lubricants, UAH/t; 

𝐺- consumption of fuel and lubricants per 1 km of mileage, kg; 

𝐶𝑑-the driver's salary for the collection period, UAH; 

𝐴𝑣- vehicle depreciation for the collection period, UAH; 

𝐶𝑡- vehicle maintenance costs, UAH; 

𝐶𝑜-other expenses for one vehicle, UAH; 

𝑃- the total mass of transported cargo for the entire collection period, t. 

𝐶𝑣𝑖 =
44×100×0.45

0.86×6
+

12000+3333+1200+500

6000
= 386.6 UAH/t 

The total costs for the transportation of crops by a group of cars are determined 

from the equation: 

                                                     𝐶𝑣 = 𝑁𝑣 × 𝐶𝑣𝑖                                             (3.13) 

𝐶𝑣 = 6 × 386.6 = 2319.6 UAH/t 

So, using 3 combines on the field, which will serve 6 KamAZ grain trucks to 

transport 6000 tons of grain to the elevator, we will spend 2319.6 UAH/t. 

Many Ukrainian agro-producers face difficulties during the harvest, not being able 

to quickly remove the harvested crop from the field. 

In turn, because of this, combines are sometimes forced to stop their work, waiting 

for grain trucks. Ultimately, this has a negative impact on productivity and grain quality. 

The technological process is hampered by logistical tasks. The usual harvesting 

practice in our country is that the harvester, which has filled the hopper, turns on the signal 

(light indicator on the roof) and stops the harvesting process. After that, a truck that was 
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waiting at the edge of the field approaches him, the grain is reloaded into it, and the work 

of the combine resumes. 

A situation often arises in the field when a combine harvester with a full hopper 

has to wait for unloading for quite a long time. This is often due to the insufficient number 

of vehicles: the power characteristics of the combine allow it to fill a full hopper quite 

quickly, while the machines do not have time to take the grain to the elevator during this 

time. 

A "classic of the genre" can be called a situation when a powerful harvester, having 

filled a bunker in 10 minutes, waits for unloading for 20-30 minutes with the "blinker" 

turned on. 

It also happens that the delay in the collection campaign is caused by the 

peculiarities of the terrain. For example, if the combine works behind a hill or in a 

lowland, its signal about filling the hopper is not easily visible to the tractor (truck) 

standing at the edge of the field. I can cite many examples of such misunderstandings and 

uncoordinated actions. And hence - loss of working time, which causes a decrease in the 

efficiency of the use of equipment. 

It is the optimization of logistics that makes it possible to significantly speed up the 

assembly process and becomes a tangible tool for influencing its productivity. 

A hopper-transloader, or a storage unit, is a metal container on a wheeled chassis, 

designed for intermediate storage of grain. Such bunkers are aggregated with tractors and 

placed in the field during the harvest. As the hopper of the harvester fills, the accumulator 

is driven to the grain harvester, which pours the collected grain into it. At the same time, 

it is desirable that the volume of the grain accumulator is a multiple of the volume of the 

combine hopper. 

In recent years, domestic agricultural producers have been using large grain trucks 

to transport grain from the field. This is a heavy machine, which is undesirable to drive 

into the field. Most often, the harvesters themselves are forced to approach the grain truck 

at the edge of the field, which causes unnecessarily large losses of working time - up to 

20-25%. On the other hand, if there is a special bunker on the field, the harvesters 

practically do not stop their work. 
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In addition, grain-carrying cars and tractors with trailers do not always keep up 

with the productivity of combines, so grain-harvesting machines are forced to wait for 

them with full hoppers. Instead, this problem can be overcome with the help of a storage 

unit, which will hold the collected grain until the arrival of the grain truck. 

To optimize the collection and transportation of grain to the elevator, I suggest 

implementing at the Grain Alliance grain transportation algorithm from the field- three-

stage grain harvesting "combine John Deere S690- tractor John Deere 8430 with bunker-

transloader PBN-30 – MAN TGX with semi-trailer Bodex KIS 3WA" (Fig.3.3)  

 

Fig. 3.3 The three-stage grain harvesting "Сombine - Bunker-transloader PBN-30 

– MAN TGX with semi-trailer Bodex KIS 3WA" 

Overloading storage hoppers ensure reliable and trouble-free operation during the 

busy harvest season, and the special design of the unloading auger allows you to reload 

grain into machines, load planters, and fill BigBag bags. 

The reloading hopper model PBN-30 makes the harvesting process even more 

efficient and simple. Easily connects to the tractor and works together with the combine 

in the field (Fig.3.4). The grain harvester's hopper is about 15 m3 and, as it is filled with 

grain, it is unloaded into the reloader hopper without stopping. A combine harvester in 

such a chain works non-stop and can process an additional 10-14 hectares per day, 

increasing farm productivity. In addition, the PBN-30 hopper transfers grain to grain 

trucks waiting at the edge of the field, reducing delay times and providing a more efficient 

process. 
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Fig. 3.4 New hopper-transloader of grain KOBZARENKA PLANT PBN-30 

The technical characteristics of hopper-transloader PBN-30 are presented in the 

Table 3.1. 

Table 3.1 

The technical characteristics of hopper-transloader PBN-30 

1 Weight, kg 6500 

2 Carrying capacity, kg 23000 

3 Capacity, m3 30 

4 Length, mm 8500 

 

We will calculate the productivity of the work of transport complexes and the costs 

of transportation of grain crops (corn). 
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For calculations, we will take the John Deere S690 combine harvester (3 

combines), tractor John Deere 8430 with bunker-transloader PBN-30 (2 bunker-

transloader) and MAN TGX with semi-trailer Bodex KIS 3WA. 

The productivity of a single vehicle tractor John Deere 8430 with bunker-

transloader PBN-30 that serves the combine is determined from the equation [30, 31]: 

𝑊𝑣𝑖 =
23×0.96×0.5×25

(2+25×0.5×0.2)
 = 61.3 t/hour 

We determine the coefficient of use of the carrying capacity of the vehicle from the 

equation [23, 24]: 

𝛾 =
22

23
= 0.96 

The coefficient of use of the vehicle mileage is determined from the equation [30, 

31]: 

𝛽 =
2

4
= 0.5 

The working cycle of a  tractor John Deere 8430 with bunker-transloader PBN-30 

vehicle can be determined by the formula: 

𝑡𝑐𝑣 = 0.33 + 0.08 + 0.08 + 0.2 = 0.69 h 

The time of movement of a vehicle with a load is determined from the equation 

[30, 31]: 

𝑡𝑐 =
2

25
= 0.08 h 

The time of movement of a vehicle without a load (idle mileage) is determined 

from the equation [30, 31]: 

𝑡𝑤 =
2

25
= 0.08 h 
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The working cycle time of a group of vehicles is determined from the equation [30, 

31]: 

𝑇𝑤𝑐 = 0.69 × (2 − 1) = 0.69 h 

The costs of transporting grain by vehicle from the combine to the MAN TGX with 

semi-trailer Bodex KIS 3WA are determined from the equation [32]: 

𝐶𝑣𝑖 =
4×125×0.55

0.96×22
+

14000+45000+3000+1500

6000
= 23.6 UAH/t 

The total costs for the transportation of crops by a group of vehicles from the 

combine to the MAN TGX with semi-trailer Bodex KIS 3WA are determined from the 

equation: 

𝐶𝑣 = 2 × 23.6 = 47.2 UAH/t 

The productivity of a single vehicle MAN TGX with semi-trailer Bodex KIS 3WA 

that serves the combine is determined from the equation [30, 31]: 

𝑊𝑣𝑖 =
36×0.72×0.5×80

(20+80×0.5×0.18)
 = 38.1 t/hour 

We determine the coefficient of use of the carrying capacity of the vehicle from the 

equation [23, 24]: 

𝛾 =
26

36
= 0.72 

The coefficient of use of the vehicle mileage is determined from the equation [30, 

31]: 

𝛽 =
20

40
= 0.5 

The working cycle of a MAN TGX with semi-trailer Bodex KIS 3WA vehicle can 

be determined by the formula: 
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𝑡𝑐𝑣 = 0.33 + 0.25 + 0.2 + 0.18 = 0.96 h 

The time of movement of a vehicle with a load is determined from the equation 

[30, 31]: 

𝑡𝑐 =
20

80
= 0.25 h 

The time of movement of a vehicle without a load (idle mileage) is determined 

from the equation [30, 31]: 

𝑡𝑤 =
20

90
= 0.2 h 

The costs of transporting grain by vehicle from the tractor John Deere 8430 with 

bunker-transloader PBN-30 to elevator are determined from the equation [32]: 

𝐶𝑣𝑖 =
40×105×0.4

0.72×26
+

25000+18000+2000+1000

6000
= 97.4 UAH/t 

The total costs for the transportation of crops by a group of vehicles from the 

combine to the elevator are determined from the equation: 

                                               𝐶𝑣 = 𝐶𝑣𝑖 ℎ𝑜𝑝𝑝𝑒𝑟 + 𝐶𝑣𝑖 𝑀𝐴𝑁                                (3.14) 

𝐶𝑣 = 47.2 + 97.4 = 144.6 UAH/t 

The total time for the transportation of crops by a group of vehicles from the 

combine to the elevator are determined from the equation: 

                                         𝑇𝑐𝑣 = 𝑡𝑐𝑣 ℎ𝑜𝑝𝑝𝑒𝑟 
+ 𝑡𝑐𝑣 𝑀𝐴𝑁 

                                    (3.15) 

𝑇𝑐𝑣 = 0.96 + 0.69 = 1.65 h 

We compare the obtained results of transportation algorithm from the field -2-stage 

grain harvesting and 3-stage grain harvesting. 

The total costs for the transportation of crops by a group of vehicles from the 

combine to the elevator:  
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- 2-stage grain harvesting: 2319.6 UAH/t 

- 3-stage grain harvesting: 144.6 UAH/t. 

𝛥𝐶 =
144.6 − 2319.6

2319.6
× 100 = −93.8% 

The total time for the transportation of crops by a group of vehicles from the 

combine to the elevator: 

- 2-stage grain harvesting: 6.25 h 

- 3-stage grain harvesting: 1.65 h. 

𝛥𝑇 =
1.65 − 6.25

6.25
× 100 = −73.6% 

According to the obtained results, thanks to the implementation of transportation 

algorithm from the field- 3-stage grain harvesting, cost optimization will be reduced by 

93.8%, and time optimization will occur by 73.6%. 

According to the obtained results, thanks to the implementation of transportation 

algorithm from the field -3-stage grain harvesting, cost optimization will be reduced by 

93.8%, and time optimization will occur by 73.6%. 
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3.3 Assessing efficiency of investment project on optimization of the 

company's fleet of vehicles 

 

The cost of the new hopper-transloader of grain KOBZARENKA PLANT PBN-30 

is 1 680 000 UAH. 

To fully meet the needs of cargo transportation at the Baryshivska Grain Company 

LLC, it is necessary to purchase 2 hoppers-transloaders of grain. 

The amount of investment costs is 1 680 000 ∗ 2 = 3 360 000 𝑈𝐴𝐻 

Assume that the depreciation period is 10 years.  

Depreciation is calculated using the straight-line method. The amount of 

depreciation of both hoppers-transloaders of grain is equal to 
3 360 000

10
= 336 000 𝑈𝐴𝐻.  

According to the company's data, as a result of the introduction of 2 units of new 

hoppers-transloaders, it is expected to receive a net profit in the amount of UAH  848250 

with its subsequent annual growth of 5%.  

The next step for making a decision on the purchase of new equipment is to perform 

the following calculations. For example, indicators for the first year of using the new 

mechanism are calculated: 

Cash flows = Net profits + The amount of depreciation  

Cash flows (for 1st year) = 848 250  + 336 000 = 1 184 250 𝑈𝐴𝐻 

Present value of cash flows (net cash flows) = 
𝐶𝑎𝑠ℎ 𝑓𝑙𝑜𝑤

(1+𝑑𝑖𝑠𝑐𝑜𝑢𝑛𝑡 𝑟𝑎𝑡𝑒)𝑛
 

The present value of the cash flow (net cash flow) is calculated in several options, 

when we take the average interest rates on loans of commercial banks of Ukraine as the 

discount rate, i.e. 25%, and 30%. 

With a discount rate of 25%:  

Present value of cash flows (for 1st year) =
1 184 250  

(1+0.25)1
= 947 400 𝑈𝐴𝐻 

With a discount rate of 30%:  
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Present value of cash flows (for 1st year) =
1 184 250  

(1+0.30)1
= 910 962 𝑈𝐴𝐻 

Let’s calculate all these indicators for each year.  

To make an informed management decision on the feasibility of the project, we use 

other indicators of investment project efficiency. 

a) The Net Present Value (NPV) represents the sum total of discounted annual 

differences between real (net of tax, interest expense etc.) cash outflows and inflows over 

the project life. 

 

                               𝑁𝑃𝑉 =  −𝐶𝐴𝑃𝐸𝑋 + ∑
𝐶𝐹𝑡

(1+𝑟)𝑡
𝑛
𝑡=1                                        (3.16) 

where, 𝐶𝐴𝑃𝐸𝑋 − capital expenditures (or initial investment) at the year zero of the 

project; 

𝐶𝐹𝑡 − cash flow in the year, t; 

n – economic life, years; 

t – each year of economic life; 

r – the required rate of return for the project. 

If, 𝑁𝑃𝑉 < 0 – a project shall be rejected; 

𝑁𝑃𝑉 = 0 – the return is equal to the discount rate, and the income earned will be 

just sufficient to cover obligations to creditors; 

𝑁𝑃𝑉 > 0 – the return on investment is above the discount rate and the investment 

project can be considered acceptable. 

b) The Profitability Index (PI) represents the generation of cash, reported at the 

present, per unit of investment. 

 

                                     𝑃𝐼 = ∑
𝐶𝐹𝑡

(1+𝑟)𝑡
/𝐶𝐴𝑃𝐸𝑋𝑛

𝑡=1                                           (3.17) 

If, 𝑃𝐼 < 1 – a project shall be rejected; 

𝑃𝐼 ≥ 1 – a project shall be accepted; 
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𝑃𝐼 = 1 − 𝑃𝑟𝑜𝑓𝑖𝑡 = 𝐶𝐴𝑃𝐸𝑋  

c) The Internal Rate of Return (IRR) the average annual rate generated by the 

project and is the discount rate which makes NPV=0. 

                               𝐼𝑅𝑅 = 𝑟1 +
𝑁𝑃𝑉(𝑟1)

𝑁𝑃𝑉(𝑟1)−𝑁𝑃𝑉(𝑟2)
∗ (𝑟2 − 𝑟1)                            (3.18) 

where, 𝑟1 − required rate of return for the project, when NPV (𝑟1) < 0 (or NPV 

(𝑟1) > 0; 

𝑟2 − required rate of return for the project, when NPV (𝑟2) > 0 (or NPV (𝑟2) < 0. 

d) The Payback Period (P) tells how much time it will take to recover the initial 

investment made in the project. 

                                               𝑃 = 𝐴 +
𝐵

𝐶
                                                         (3.19) 

where, A – the last period with a negative cumulative net cash flow; 

B – the absolute value of cumulative net cash flow at the end of the period A; 

C – the net cash flow during the period after A. 

Let’s calculate all these indicators for different discount rates. 

With a discount rate of 25%: 

𝑁𝑃𝑉 = ( 
947 400 

(1 + 0.25)1 +
785 064

(1 + 0.25)2 +
650 852

(1 + 0.25)3 +
539 835

(1 + 0.25)4 +
447 956

(1 + 0.25)5

+
371 879

(1 + 0.25)6 +
308 855

(1 + 0.25)7 +
256 620

(1 + 0.25)8 +
213 306

(1 + 0.25)9

+
177 373

(1 + 0.25)10) − 3 360 000 = 1 339 139 𝑈𝐴𝐻 

𝑃𝐼 = ( 
947 400 

(1 + 0.25)1 +
785 064

(1 + 0.25)2 +
650 852

(1 + 0.25)3 +
539 835

(1 + 0.25)4 +
447 956

(1 + 0.25)5

+
371 879

(1 + 0.25)6 +
308 855

(1 + 0.25)7 +
256 620

(1 + 0.25)8 +
213 306

(1 + 0.25)9

+
177 373

(1 + 0.25)10) / 3 360 000 = 1.40  

𝐼𝑅𝑅 = 25 + (
1 339 139

1 339 139 + 1 815 336
∗ (80 − 25)) = 48.35 % 
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𝑃 = 4 +
3 360 000 − 2 923 151

447 956
= 4.98 𝑦𝑒𝑎𝑟𝑠 

The total results of the calculations of the feasibility of implementing an investment 

project for the purchase of new hoppers-transloaders, when the discount rate is equal to 

25% are presented in the Table 3.2.  

Table 3.2 

Calculations of the feasibility of implementing an investment project for the purchase of 

new hoppers-transloaders (discount rate 25%) 

Indicators 
Years 

1 2 3 4 5 6 7 8 9 10 

The 

amount of 

depreciati

on, UAH 

33600

0 

33600

0 

33600

0 

33600

0 

33600

0 

33600

0 

33600

0 

33600

0 

33600

0 

33600

0 

The 

amount of 

net profit, 

UAH 

84825

0 

89066

3 

93519

6 

98195

5 

10310

53 

10826

06 

11367

36 

11935

73 

12532

52 

13159

14 

The 

amount of 

cash flow, 

UAH 

11842

50 

12266

63 

12711

96 

13179

55 

13670

53 

14186

06 

14727

36 

15295

73 

15892

52 

16519

14 

Discounte

d Cash 

Flows, 

UAH 

94740

0 

78506

4 

65085

2 

53983

5 

44795

6 

37187

9 

30885

5 

25662

0 

21330

6 

17737

3 

The 

amount of 

investment 

costs, 

UAH 

33600

00 
- - - - - - - - 

 

Net 

present 

income of 

the 

investment 

project, 

UAH 

1 339 139 

Profitabilit

y Index 
1.40 
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The end of the Table 3.2 

Internal 

Rate of 

Return, % 

48.35 

Payback 

Period, 

years 

4.98 

Sourse: developed by author 

With a discount rate of 30%: 

𝑁𝑃𝑉 = ( 
 910 962

(1 + 0.30)1 +
725 836

(1 + 0.30)2 +
578 605

(1 + 0.30)3 +
461 453

(1 + 0.30)4 +
368 187

(1 + 0.30)5

+
293 901

(1 + 0.30)6
+

234 705

(1 + 0.30)7
+

187 510

(1 + 0.30)8
+

149 866

(1 + 0.30)9

+
119 827

(1 + 0.30)10) − 3 360 000 = 670 851 𝑈𝐴𝐻 

𝑃𝐼 = (
 910 962

(1 + 0.30)1 +
725 836

(1 + 0.30)2 +
578 605

(1 + 0.30)3 +
461 453

(1 + 0.30)4 +
368 187

(1 + 0.30)5

+
293 901

(1 + 0.30)6 +
234 705

(1 + 0.30)7 +
187 510

(1 + 0.30)8 +
149 866

(1 + 0.30)9

+
119 827

(1 + 0.30)10 ) / 3 360 000 = 1.20 

𝐼𝑅𝑅 = 30 + (
670 851

670 851 + 1 815 336
∗ (80 − 30)) = 43.49 % 

𝑃 = 5 +
3 360 000 − 3 338 944

293 901
= 5.07 𝑦𝑒𝑎𝑟𝑠 

The total results of the calculations when the discount rate is equal to 30% are 

presented in the Table 3.3.  
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Table 3.3. 

Calculations of the feasibility of implementing an investment project for the purchase of 

new hoppers-transloaders (discount rate 30%) 

№ Indicators 
Years  

1 2 3 4 5 6 7 8 9 10 

1 

The 

amount of 

depreciati

on, UAH 

33600

0 

33600

0 

33600

0 

33600

0 

33600

0 

33600

0 

33600

0 

33600

0 

33600

0 

33600

0 

2 

The 

amount of 

net profit, 

UAH 

84825

0 

89066

3 

93519

6 

98195

5 

10310

53 

10826

06 

11367

36 

11935

73 

12532

52 

13159

14 

3 

The 

amount of 

cash flow, 

UAH 

11842

50 

12266

63 

12711

96 

13179

55 

13670

53 

14186

06 

14727

36 

15295

73 

15892

52 

16519

14 

4 

Discounte

d Cash 

Flows, 

UAH 

91096

2 

72583

6 

57860

5 

46145

3 

36818

7 

29390

1 

23470

5 

18751

0 

14986

6 

11982

7 

5 

The 

amount of 

investment 

costs, 

UAH 

33600

00 
- - - - - - - - 

 

6 

Net 

present 

income of 

the 

investment 

project, 

UAH 

670 851 

7 
Profitabilit

y Index 
1.20 

8 

Internal 

Rate of 

Return, % 

43.49 

9 

Payback 

Period, 

years 

5.07 

Sourse: developed by author 

Taking into account performed calculation of investment project, it can be 

concluded that the project is appropriate for implementation, as net present value is 
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positive, i.e. the project is profitable and the payback period of this project is 4.98 years 

at discount rate 25%, and 5.07 years at discount rate 30%. Implementation of this project 

makes it possible to quickly and economically collect and transport grain to the elevator. 

Using a hopper-transloader of grain KOBZARENKA PLANT PBN-30 will save costs, be 

reliable and efficient. 

 

Conclusions to Chapter 3 
 

In conclusion, the potential for significant improvements in logistics processes and 

cost reduction at Grain Alliance through the optimization of the transport fleet, routes, 

and warehouse space, is underlined. Specific recommendations have been provided, 

covering various aspects of warehouse management, route optimization, GPS and IoT 

technologies, modernization of the transport fleet, warehouse space optimization, energy 

efficiency, cost management, and staff training. It is emphasized that the 

recommendations provided should serve as a foundation and be adapted to the specific 

needs and characteristics of Grain Alliance. Additionally, the importance of systematic 

monitoring of results and continuous adjustments to achieve maximum efficiency is 

underscored. The integration of these technologies holds the promise of optimizing 

operations, reducing costs, and enhancing overall efficiency for Grain Alliance in the 

agro-industrial sector. In conclusion, the chapter presents a detailed analysis of the 

transport processes at the Grain Alliance agro-industrial enterprise, focusing on the 

traditional two-stage grain harvesting algorithm involving the "combine John Deere S690 

– KamAZ 55102 grain truck." The study calculates the productivity and costs associated 

with this approach, emphasizing the challenges faced during the harvest due to delays in 

unloading, logistical constraints, and the impact on overall efficiency. 

An optimized three-stage grain harvesting algorithm, introducing a hopper-

transloader as an intermediary storage unit to streamline the process is propozed. This 

new approach involves the "combine John Deere S690 – tractor John Deere 8430 with 

bunker-transloader PBN-30 – MAN TGX with semi-trailer Bodex KIS 3WA." The 
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productivity and costs of this optimized algorithm are thoroughly calculated to assess its 

feasibility. 

The key findings reveal that the proposed three-stage grain harvesting algorithm 

significantly outperforms the traditional two-stage approach in terms of cost and time 

optimization. The cost reduction is impressive, amounting to 93.8%, and the time 

optimization reaches 73.6%. These results highlight the potential benefits of 

incorporating advanced logistics strategies in grain transportation. 

The utilization of hopper-transloaders, illustrated by the PBN-30 model, emerges 

as a crucial component in enhancing efficiency. The hopper-transloader not only 

facilitates continuous harvesting by accommodating the combine's output but also 

minimizes waiting times for grain trucks, leading to increased overall productivity.  In 

conclusion, the chapter provides a comprehensive analysis of the investment project 

involving the purchase of new hoppers-transloaders of grain, specifically the 

KOBZARENKA PLANT PBN-30 model, for Baryshivska Grain Company LLC. The 

total investment cost for acquiring two units of the hopper-transloader is determined to 

be 3,360,000 UAH. The depreciation period is set at 10 years, with an annual depreciation 

of 336,000 UAH. The results indicate that the investment project is economically justified 

and financially sound. The positive NPV values, PI greater than 1, and favorable IRR 

suggest that the project is acceptable and has the potential to generate returns above the 

required discount rates. Furthermore, the calculated payback period falls within a 

reasonable timeframe. 

Thus, the implementation of the hopper-transloader project is recommended, as it 

promises economic efficiency, cost savings, and improved grain collection and 

transportation to the elevator. The use of financial metrics supports the conclusion that 

the investment is financially feasible and aligns with the company's objectives. The 

acquisition of new hoppers-transloaders is expected to contribute positively to the overall 

operational efficiency of Baryshivska Grain Company LLC. 
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CONCLUSIONS 

 

 

1. Studying logistic criteria as diagnostic indicators of the level of efficiency of 

transport processes shows, that the transport logistics is recognized as integral to overall 

logistics systems, addressing tasks related to service market areas, transport process 

organization, and stock management. Costs and delivery time are highlighted as pivotal 

factors in choosing transportation methods, and a multi-criteria approach is advocated 

for transportation planning. Criteria such as "just-in-time" delivery, duration of cargo 

delivery, transportation costs, vehicle performance, and energy consumption are deemed 

essential for evaluating transport efficiency.  

A comprehensive analysis of cargo transportation made it possible to determine 

the participants - the consignor, the carrier and the consignee. The criteria for the 

efficiency of product delivery were determined, taking into account the efficiency of the 

national economy and the complexity of determining optimality. 

2.Optimization principles as mechanisms for ensuring the efficiency of 

technologies in transport processes include linear programming methods (the simplex 

method, dual simplex method, and others), integer programming methods 

(segmentation, branched search, combinatorial, heuristic, and random search), nonlinear 

programming methods (direct, indirect, design, linearization, etc.).  

The optimization of logistics solutions is a cyclical process involving stages such 

as problem awareness, goal formulation, model development, method selection, data 

preparation, solution analysis, plan adoption, implementation control, result evaluation, 

and final analysis. Various logistics tasks can be addressed through optimization, 

including transportation planning, determining transport network capacity, finding the 

cheapest transport route, selecting the optimal location for distribution centers, and 

devising strategies for supply management and investment planning.  
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Various cost optimization methods are discussed, including functional cost 

analysis, "just-in-time" production organization, target costing, kaizen-costing, life cycle 

cost analysis, economic value added (EVA), ABC analysis, XYZ analysis, and the balance 

method. Each method has its advantages and disadvantages, and their applicability 

depends on specific conditions. The choice of methods depends on the nature of the 

optimization problem being addressed.  

3. The detailed overview of the Baryshivska Grain Company LLC evolution into a 

prominent player in Ukraine's agricultural sector was provided. The company's 

commitment to holistic growth, encompassing crop production, livestock farming, and 

a substantial elevator network, is underlined. Grain Alliance's sophisticated approach to 

logistics, including its diverse transport fleet and strategic use of technology, reflects its 

commitment to efficient and reliable grain delivery. The calibration facility, equipped 

with Japanese technology, situated in Baryshivka, ensures the production of high-quality 

sowing material and meets global standards for soybean grain. As the company 

continues to expand its geographical footprint and contribute to the development of the 

agricultural sector, it remains steadfast in its commitment to sustainable practices, 

employee welfare, and community engagement. The journey of Baryshivska Grain 

Company LLC exemplifies a successful integration of strategic investments, 

technological advancements, and a comprehensive approach to agricultural 

management. 

Logistics play a crucial role in company`s operations, as efficient grain delivery 

and storage are essential for the success of their business. The main goal of the logistics 

business processes at Grain Alliance is to ensure efficient and reliable grain delivery to 

the markets and to maintain product quality throughout the entire supply chain. 

During analysis the challenges faced by the company, particularly geopolitical 

disruptions affecting grain exports, were determined. Grain Alliance's adaptability and 

resilience are highlighted through strategic reorientation and the acquisition of a 

transshipment elevator in the Slovak Republic.  

Furthermore, the EU's proposed plan to support Ukraine's grain export, addressing 

urgent measures, increasing transport capacity, simplifying customs operations, and 



112 
 

organizing temporary storage, underscores the broader international context in which 

Grain Alliance operates. 

4. Optimizing the capacity of the logistics system of the Grain Alliance is due to the 

need, on the one hand, to match the logistics system to the assigned tasks, and on the other 

hand, to optimize costs associated with excess or underutilized capacities. 

To optimize the capacity of the logistics system at the Grain Alliance enterprise, 

the "bottleneck" method was used. The bottleneck method, as applied in the case of the 

Grain Alliance enterprise, focuses on identifying specific links with reduced efficiency, 

leading to an overall decrease in the system's effectiveness. It involves assigning serial 

numbers to all links, calculating the efficiency of their interactions, and pinpointing 

bottlenecks for corrective measures. Overcoming bottlenecks requires careful monitoring, 

and their elimination in one link may lead to their appearance in another. The case study 

at Grain Alliance highlighted "Road transport" as the bottleneck due to either excessively 

high or low revenues and incorrect data provision, resulting in a mismatch during 

planning. 

5. Analysis of the optimization of logistics processes at Grain Alliance, emphasized 

the potential for significant improvements in cost reduction and efficiency through 

recommendations covering warehouse management, route optimization, technology 

integration, energy efficiency, and staff training. The proposed changes are positioned as 

adaptable foundations tailored to the specific needs of Grain Alliance, with an emphasis 

on continuous monitoring and adjustment for optimal results. Specific recommendations 

have been provided, covering various aspects of warehouse management, route 

optimization, GPS and IoT technologies, modernization of the transport fleet, warehouse 

space optimization, energy efficiency, cost management, and staff training. 

The implementation of a Warehouse Management System (WMS) is highlighted as 

a crucial step, offering benefits such as increased productivity, minimization of errors, 

optimized space utilization, quick feedback and response, cost reduction, and an 

integrated reporting and analytics system. The potential advantages of WMS for Grain 

Alliance are aligned with streamlining processes, increasing accuracy, and optimizing 

resources. 
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6. Based on the results of assessing performance indicators of the Grain Alliance 

logistics system, detailed analysis of transport processes within Grain Alliance, 

comparing a traditional two-stage grain harvesting algorithm with a proposed optimized 

three-stage approach was provided. The results reveal the substantial cost and time 

advantages of the optimized algorithm, showcasing the potential benefits of incorporating 

advanced logistics strategies, including the utilization of hopper-transloaders. 

Research concludes with a comprehensive analysis of an investment project 

involving the purchase of new hoppers-transloaders for Baryshivska Grain Company. The 

financial evaluation, considering indicators such as Net Present Value (NPV), 

Profitability Index (PI), Internal Rate of Return (IRR), and Payback Period, supports the 

conclusion that the project is economically justified and aligns with the company's 

objectives. The acquisition of new hoppers-transloaders is anticipated to enhance 

operational efficiency, contribute to cost savings, and improve grain transportation for 

Baryshivska Grain Company. 
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