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The monograph explores one of the most strategically important aspects of modern 
agroeconomic development – the  transformation of logistics systems into intelligent, resilient, 
and sustainable networks. In a global context defined by digitalization, climate change, and 
geopolitical instability, logistics management has become a decisive factor determining both the 
competitiveness of enterprises and the stability of entire agricultural economies. 

This research provides a comprehensive analysis of the theoretical foundations, 
infrastructural determinants, and technological innovations shaping logistics in the grain sector. 
It reveals how transportation, storage, and transshipment systems evolve under the influence of 
digital transformation, introducing tools such as artificial intelligence, IoT, blockchain, and 
cloud platforms into the traditional agrosupply chain. The monograph emphasizes the importance 
of integrating efficiency, risk management, and sustainability into logistics decision-making. It 
provides both a conceptual framework and practical recommendations for optimizing logistics in 
the agri-food sector, with particular relevance for countries undergoing infrastructural renewal 
and integration into global markets. 

The research combines theoretical modeling with empirical evidence drawn from 
international best practices and detailed case studies of leading enterprises – including Kernel 
(Ukraine), Viterra (Canada), Bunge (Brazil), InVivo (France), Greenports Holland 
(Netherlands), and Senwes (South Africa). These cases illustrate how global agri-holdings 
achieve synergy between technological innovation, environmental responsibility, and operational 
excellence. 

This monograph will be of interest to economists, managers, agricultural engineers, 
policymakers, and academic researchers working in the fields of supply chain management, 
sustainable agriculture, and economic modernization. 
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Introduction 
 

In the twenty-first century, the global agricultural economy has entered 

a new stage of structural transformation driven by the convergence of several 

powerful forces – digitalization, climate change, geopolitical uncertainty, 

and the deepening integration of markets and technologies. Within this 

context, logistics management has evolved from an operational subsystem 

into a strategic determinant of competitiveness, profitability, and 

sustainability for agricultural enterprises. For grain producers, logistics 

represents the functional backbone that unites production, processing, 

storage, transportation, and marketing into a coherent, value-generating 

chain. Efficient logistics management not only reduces transaction and 

transportation costs but also enhances product quality, minimizes losses, and 

ensures the timely delivery of grain to domestic and foreign markets, directly 

influencing the country’s export performance and food security. 

The importance of logistics in the agrarian economy extends far beyond 

the physical movement of goods. In contemporary agricultural systems, 

logistics acts as the integrator of technological, informational, and financial 

flows, shaping the enterprise’s ability to respond to external shocks – such 

as climate volatility, energy crises, or war-related disruptions. In the global 

market, where trade liberalization and digital transformation redefine 

competitive advantages, logistics efficiency has become synonymous with 

national competitiveness. The ability to organize flexible supply chains, 

diversify transport corridors, and implement real-time monitoring and risk 

management tools determines not only the resilience of individual 

https://doi.org/10.36690/LMAGE
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enterprises but the stability of entire agro-industrial systems. 

For Ukraine, this topic acquires exceptional relevance. As one of the 

world’s largest exporters of wheat, corn, and sunflower products, the country 

has faced severe logistical disruptions caused by the destruction of 

infrastructure, temporary blockade of seaports, and rising transportation 

costs. Despite these challenges, Ukrainian grain producers continue to 

supply global markets, demonstrating remarkable adaptability through the 

development of alternative transport routes, multimodal logistics, and cross-

border cooperation with European partners. The experience of recent years 

has revealed both the critical weaknesses and the transformative potential of 

Ukraine’s logistics system. Rebuilding and modernizing this system on the 

basis of innovation, digitalization, and sustainability has become not only an 

economic necessity but a national priority linked to the country’s 

reintegration into the European economic space. 

At the same time, the international context underscores that Ukraine’s 

logistical challenges are part of a broader global agenda. Across Europe, 

North America, and emerging economies, agricultural logistics is 

undergoing a systemic transformation aligned with the principles of the 

circular economy, carbon neutrality, and resource efficiency. Modern 

logistics paradigms emphasize the use of information and communication 

technologies (ICT), artificial intelligence, blockchain-based traceability, and 

predictive analytics as core tools for achieving operational excellence and 

environmental responsibility. Countries such as the Netherlands, Canada, 

and Brazil have already demonstrated how digital logistics ecosystems can 

dramatically increase throughput, reduce CO₂ emissions, and strengthen 

export resilience – serving as models for countries in transition. 

https://doi.org/10.36690/LMAGE


                                 Logistics Management of Agricultural Grain Enterprises 
 
 

 
 
https://doi.org/10.36690/LMAGE                       ISBN 978-9916-9320-4-9 (pdf) 

© Scientific Center of Innovative Research, 2025 
 6 

Therefore, the study of logistics management in agricultural grain 

enterprises is both timely and strategically significant. It bridges theoretical 

and practical dimensions of sustainable development, encompassing 

efficiency, innovation, and risk mitigation. This monograph seeks to reveal 

how logistics can evolve from a support function to a driver of systemic 

competitiveness and how modern digital and organizational solutions can 

transform traditional grain enterprises into dynamic, data-driven, and 

environmentally responsible participants in the global agri-food market. The 

findings presented herein aim to contribute to the modernization of Ukraine’s 

logistics system while situating its experience within the broader context of 

international agricultural transformation. 

The purpose of this monograph is to provide a scientifically grounded 

and practically applicable framework for enhancing logistics management in 

agricultural grain enterprises through the integration of systemic, digital, and 

sustainable development principles. The research seeks to identify 

mechanisms by which logistics can transition from a supporting operational 

process into a strategic management function that directly contributes to 

competitiveness, efficiency, and environmental responsibility. The 

overarching aim is to develop a unified concept of logistics modernization 

that aligns with global trends and meets the specific needs of the Ukrainian 

agricultural sector amid infrastructural reconstruction and market 

transformation. 

The methodological foundation of the monograph includes a systematic 

approach to logistics analysis, comparative and structural-functional 

methods, and statistical generalization. The study also employs process-

oriented, strategic, and risk-based methodologies to assess logistics 

https://doi.org/10.36690/LMAGE
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processes and management mechanisms. Particular attention is devoted to 

benchmarking and case-study analysis of leading global agricultural 

companies, whose innovative logistics practices can serve as reference 

models for the modernization of Ukraine’s grain industry. 

The monograph “Logistics Management of Agricultural Grain 

Enterprises” is conceptually structured into three comprehensive and 

interrelated sections, which together form a logical progression from 

theoretical generalization to applied analysis and practical 

recommendations. This structure reflects the author’s commitment to 

combining conceptual depth with practical relevance, thereby creating an 

integrated scientific and methodological framework for understanding and 

improving logistics management in the grain sector. 

Section 1. “Theoretical and Methodological Foundations of Logistics 

Management in the Agricultural Sector”. This section reveals the evolution 

of logistics theory and its adaptation to the specific conditions of agricultural 

production. It systematizes the main scientific approaches to logistics 

management, defines its role in ensuring competitiveness, and explores the 

interaction between logistics and production processes. The section also 

presents the conceptual foundations for forming an integrated logistics 

management system in agricultural enterprises. 

Section 2. “Infrastructure and Material-Technical Support of Grain 

Logistics”. The second section analyzes the components, structure, and 

functions of logistics infrastructure, including storage, transportation, and 

transshipment systems. It also examines the use of modern information and 

communication technologies (ICT) and automation tools in logistics 

processes. A special focus is given to the development of logistics 

https://doi.org/10.36690/LMAGE
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infrastructure in Ukraine and the challenges of aligning it with European 

standards. The section provides comparative statistical data and outlines 

strategic directions for the development of logistics systems based on the 

principles of innovation and sustainability. 

Section 3. “Modernization and Optimization of Logistics Processes in 

Grain Enterprises”. The final section is devoted to the practical mechanisms 

of logistics improvement under conditions of digital transformation. It 

explores tools for risk and cost management, quantitative performance 

modeling, and the integration of digital technologies such as artificial 

intelligence, blockchain, and IoT into logistics operations. Subsection 3.4 

presents detailed case studies of leading agricultural companies – Kernel 

(Ukraine), Viterra (Canada), Bunge (Brazil), InVivo (France), Greenports 

Holland (Netherlands), and Senwes (South Africa) – illustrating successful 

examples of digitalization, sustainability, and organizational modernization 

in agrologistics. These cases demonstrate how innovative logistics models 

increase efficiency, reduce costs, and strengthen the resilience of enterprises 

operating in different institutional and geographical contexts. 

The monograph offers not only an academic contribution to logistics 

and management science but also a practical roadmap for policymakers, 

business leaders, and logistics professionals seeking to modernize 

agricultural supply chains. It outlines how Ukraine and other grain-

producing nations can build adaptive, digital, and sustainable logistics 

ecosystems capable of thriving under conditions of uncertainty, competition, 

and environmental change. 

The author expresses profound gratitude to Professor Sergii Laptiev, 

President of KROK University, for his invaluable assistance, professional 

https://doi.org/10.36690/LMAGE
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support, and guidance in the preparation and publication of this monograph. 

His academic vision, institutional support, and encouragement were essential 

for the completion of this work. 

Special appreciation is also extended to the enterprises – Kernel, 

Viterra, Bunge, InVivo, Greenports Holland, and Senwes – for  providing 

analytical materials, data, and practical insights that enriched the empirical 

and comparative analysis of logistics modernization in the global agricultural 

sector. Their openness and cooperation made it possible to substantiate the 

study’s conclusions and propose practical recommendations for the 

modernization of logistics systems in Ukraine and other grain-producing 

countries. 
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1.1. The Essence and Importance of Logistics for Agro-

Industrial Production 
1. The Nature and Types of Logistics and Their Role in 

Agricultural Production. In the current context of globalization, climate 

change, food crises, and the war in Ukraine, agro-industrial production 

requires fundamentally new approaches to the organization of resource 

flows. Logistics plays a pivotal role in enhancing the efficiency of 

agricultural enterprises – especially those operating in the grain sector – by 

ensuring the rational management of material, informational, financial, and 

human resources. Amid growing competition, price volatility for agricultural 

products, and rising transportation costs, logistics management becomes 

critically important for achieving operational stability, cost optimization, and 

increased profitability. 

For grain-oriented enterprises that handle large volumes of production, 

logistics is not merely a tool for delivery or storage, but a strategic function 

that determines competitiveness within the value chain – from the field to 

the consumer or export terminal. The importance of logistics becomes even 

more pronounced under conditions of restricted port access, damaged 

transportation infrastructure, and the need to reconfigure logistics routes. 

The significance of logistics lies not only in the physical movement of 

goods, but also in the synchronization of all stages of production, processing, 

storage, trade, and grain export. A comprehensive approach to logistics 

ensures the efficient functioning of agricultural enterprises in the face of 

risks, regulatory changes, and working capital shortages. 

https://doi.org/10.36690/LMAGE
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The concept of logistics has evolved over time – from a strictly military 

function to a comprehensive concept of flow management in production and 

service systems. In scholarly literature, numerous approaches to defining 

logistics can be broadly categorized into four analytical dimensions: process-

based, functional, systemic, and strategic. 

One classical approach is found in the works of Ballou (2007), who 

defines logistics as the management of the flow of materials and related 

information from the point of origin to the point of consumption to meet 

customer needs. Christopher (2016) echoes this, emphasizing the integration 

of logistics and supply chain management (SCM) as tools for gaining 

competitive advantage. In both frameworks, key characteristics of logistics 

include continuity, optimality, and customer orientation. 

Mentzer et al. (2001) broaden the functional view of logistics by 

elevating it to a strategic level, emphasizing its role in value creation across 

the supply chain. From a systems analysis perspective, logistics is regarded 

as an integrated network of interrelated functions enabling efficient flow 

management of materials, products, information, finances, and time (Ghiani 

et al., 2013). 

Ukrainian scholars such as Anishchenko (2022), Kvasha (2021), and 

Moroz & Pavlenko (2023) adopt a systemic approach, stressing the need to 

adapt logistics concepts to the unique context of agro-industrial production. 

They highlight risk exposure, seasonality, geographic dispersion, and 

infrastructural challenges, which require specific logistics solutions. 

Zolotarenko (2020), for example, defines agrologistics as the management 

of logistics processes aimed at minimizing raw material losses, improving 

product quality, and ensuring operational decision-making efficiency. 

https://doi.org/10.36690/LMAGE
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The integration function of logistics is further developed by Bowersox 

& Closs (1996), who present logistics as a crucial mechanism between 

production and consumption. This is particularly relevant to agriculture, 

where logistics not only connects stages of the production and distribution 

cycle but must also adapt to weather conditions, market fluctuations, and 

regulatory shifts. 

At the conceptual level, logistics is increasingly associated with the idea 

of sustainable development, incorporating ecological efficiency, social 

responsibility, and economic performance (Klumpp, 2016; FAO, 2021). In 

this context, agrologistics assumes new roles – not only economic but also 

socio-ecological – which are particularly important in times of armed 

conflict and post-war recovery. 

Institutional sources such as FAO (2021), OECD (2020), and the 

European Commission (2023) reinforce the strategic role of logistics in 

achieving sustainable development goals, food security, climate resilience, 

and better market access. Of particular concern is the lack of integrated 

logistics infrastructure in rural areas, which impedes small and medium-

sized farms from accessing efficient logistics services (Prokopenko & 

Kuzmenko, 2023). 

2. Generalized Interpretations of Logistics in Agro-Industrial 

Production. Summarizing both scholarly literature and modern practice, 

several conceptual approaches to logistics as a functional system within 

agricultural production can be distinguished: 

Logistics as a Flow Management System. In classical theory, logistics 

is defined as the management of the flow of materials, products, 

accompanying information, and financial resources at all stages of the 

https://doi.org/10.36690/LMAGE
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production and distribution process. In the context of agro-industrial 

production, these flows include the supply of inputs (seeds, fertilizers, fuel), 

transportation of harvests, storage, processing, marketing, and export. 

According to Ballou (2007), logistics is a key component of supply chain 

management, ensuring synchronization of all resources to achieve maximum 

results with minimal costs. 

Zolotarenko (2020) adapts this definition to the agricultural sphere, 

emphasizing that the effectiveness of logistics in the agricultural sector is 

measured not only by cost reduction but also by minimizing quality 

degradation during transportation and storage. 

Logistics as an Integrated Function of Corporate Management. The 

systemic approach views logistics as part of a firm’s strategic management 

structure, performing an integrative role between production, supply, 

storage, marketing, and sales. Mentzer et al. (2001) argue that logistics is a 

mechanism that creates value at every stage of the supply chain, which is 

particularly important for grain enterprises competing internationally. 

Bowersox and Closs (1996) emphasize the role of logistics in enabling 

enterprises to adapt to market fluctuations, regulatory changes, and external 

shocks – such as adverse weather conditions or armed conflict. In this 

framework, logistics becomes a flexible coordination platform within 

corporate decision-making. 

Logistics as a Tool for Enhancing Efficiency. Christopher (2016) 

highlights logistics as a tool for optimizing business processes and reducing 

costs while simultaneously improving customer service levels. In 

agriculture, this translates into minimizing logistical losses, speeding up 

https://doi.org/10.36690/LMAGE
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inventory turnover, cutting transportation and storage expenses, and 

increasing flexibility in response to market dynamics. 

Empirical studies by Ghiani et al. (2013) demonstrate that the 

implementation of modern logistics approaches can reduce overall costs in 

the agricultural sector by 15–25% without compromising product quality. 

Logistics as a Factor of Food Security. There is a growing 

understanding of logistics not only as an economic or technological function, 

but as a systemic factor determining the level of food security. FAO (2021) 

notes that up to 30% of agricultural production is lost at various stages – 

from harvest to consumption – due to inefficient logistics decisions. 

Moroz and Pavlenko (2023) argue that reliable logistics systems are 

critical to ensuring access to food in crisis regions, as well as maintaining 

agricultural exports as a major source of foreign revenue in agrarian 

economies such as Ukraine. 

Building on the scholarly literature and industry practice, four dominant 

conceptual approaches to logistics in agro-industrial systems can be outlined: 

The following table 1.1 summarizes the key theoretical models of 

logistics and their applications to the grain-based agro-industrial context. 

These approaches highlight different dimensions of logistics – from 

operational efficiency to strategic resilience and food security. As the table 

demonstrates, the logistics function in agro-industrial production 

encompasses multiple levels of influence – ranging from microeconomic 

efficiency gains to national-scale priorities such as export support and food 

sovereignty. 

 

https://doi.org/10.36690/LMAGE
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Table 1.1. Conceptual Approaches to Logistics in Agro-Industrial 

Production 
Approach Core Ideas Key Authors / Sources 

Logistics as Flow 
Management 

Management of material, 
informational, and financial flows 
aimed at reducing time and cost 

while optimizing processes. 

Ballou (2007), 
Zolotarenko (2020) 

Logistics as an 
Integrated Function 

of Corporate 
Management 

Strategic integration of logistics 
with supply, production, 

marketing, and sales; value 
creation and enterprise 

adaptability. 

Mentzer et al. (2001), 
Bowersox & Closs (1996) 

Logistics as a Tool 
for Enhancing 

Efficiency 

Optimization of business 
processes, reduction of losses and 

operational costs, improved 
responsiveness to market 

dynamics. 

Christopher (2016), 
Ghiani et al. (2013) 

Logistics as a 
Factor of Food 

Security 

Preservation of food resources, 
ensuring accessibility in crises, 
support of national exports and 

strategic reserves. 

FAO (2021), Moroz & 
Pavlenko (2023) 

Source: systematized by the author 

 

These perspectives do not contradict each other but rather complement 

one another, underscoring the cross-functional and strategic nature of 

logistics in agriculture. 

The table 1.2 outlines the key types of logistics within the grain sector 

of agro-industrial production. Each type performs distinct functions and is 

supported by specific infrastructure, management tools, and scholarly 

frameworks. 

This classification reflects the multidimensional nature of logistics in 

grain-based agriculture. Each logistics type plays a vital role in supporting 

operational resilience, market competitiveness, and sustainability.  
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Table 1.2. Types of Logistics in Grain-Oriented Agro-Industrial 

Enterprises 

Type of Logistics Core Functions Key Authors / 
Sources 

Production 
Logistics 

Ensures timely supply of seeds, 
fertilizers, fuel, machinery, etc.; 

critical for maintaining planting and 
harvesting schedules. 

Kisperska-Moroń 
(2015), Kvasha 

(2021) 

Transport Logistics 

Manages routing, fleet usage, loading 
plans, and grain transportation from 
field to storage or ports; crucial for 

cost control and delivery speed. 

Ballou (2007), Ghiani 
et al. (2013) 

Warehouse 
Logistics 

Covers grain storage, drying, cleaning, 
and preservation of quality; supported 

by digital tools (WMS, sensors, 
automation). 

Mentzer et al. (2001), 
Zolotarenko (2020) 

Distribution 
Logistics 

Involves market access, contract 
execution, export planning, and 

fulfillment in volatile trade 
environments. 

Christopher (2016), 
Moroz & Pavlenko 

(2023) 

Information 
Logistics 

Facilitates integration of ERP systems, 
satellite monitoring, digital trading 
platforms, and precision agriculture 
solutions across logistics operations. 

Ivanov & Dolgui 
(2020) 

Source: systematized by the author 

 

Their synergistic integration forms the foundation of a modern, efficient 

agro-logistics system. 

3. Specific Features of Logistics for the Agro-Industrial Sector. 

Logistics in agricultural production differs significantly from logistics in 

industrial or service sectors across multiple parameters. Its uniqueness stems 

from the biological nature of products, dependence on weather conditions, 

spatial fragmentation of raw material sources, high variability of external 

risks, and uneven distribution of logistics infrastructure. These factors 

https://doi.org/10.36690/LMAGE
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collectively define the elevated complexity, adaptability, and sensitivity of 

agrologistics to the external environment. 

Agricultural production exhibits a distinct seasonal pattern, leading to 

uneven demand on logistics resources throughout the year. During planting 

and harvesting periods – especially for grain crops – there is a sharp spike in 

the need for transport, storage, drying, and transshipment capacities. This 

necessitates the mobilization of reserve facilities, temporary storage 

solutions, and short-term contracting. 

According to the Danish Agriculture & Food Council (2021), Danish 

agricultural cooperatives increase the load on their logistics network by 2.3 

times during the harvest period (August–September) compared to the off-

season, using mobile elevators and internal grain trucks. 

This seasonal concentration requires the creation of flexible logistics 

structures with surplus capacity for peak demand periods – unlike stable 

industrial supply chains. 

Spatial Fragmentation and Uneven Raw Material Distribution. 

Agricultural production is geographically dispersed. Fields are often located 

far from elevators, ports, and trade hubs, complicating logistics both during 

harvest and sales. In Canada, grain farmers in Alberta and Saskatchewan 

transport produce over 1,500 km to ports in Vancouver or Thunder Bay, 

often combining road and rail transport (Grain Transportation Monitor, 

2023). 

Such distances increase dependence on rail operators and require 

flexible planning for transshipments, especially during peak load at port 

infrastructure. In Germany, agricultural enterprises in Eastern Saxony 

actively use logistics hubs capable of handling mixed cargo (grain, oilseeds, 

https://doi.org/10.36690/LMAGE
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fertilizers), which reduces logistics costs by up to 18% in the off-season 

(BMEL, 2022). 

Dependence on Climatic and Weather Conditions. Unlike industrial 

chains, agricultural logistics is tightly bound to climate and weather 

fluctuations. Excessive humidity during harvest increases pressure on drying 

facilities, while heavy rains or extreme heat may halt transportation due to 

inaccessible fields or overloaded elevators. 

In the United States in 2021, flooding in Iowa and Illinois led to over 8 

million tons of corn being redirected to reserve storage due to blocked main 

rail corridors (USDA, 2021). This resulted in grain losses and additional 

transportation costs exceeding $370 million. 

Such examples illustrate the high logistical sensitivity to weather 

factors, necessitating not only forecasting but also readiness for 

decentralizing logistics hubs and deploying mobile solutions (e.g., mobile 

dryers, loaders, temporary storage units). 

Infrastructure Limitations and “Bottlenecks”. Many regions lack 

access to modern logistics infrastructure – such as paved access roads to 

ports, sufficient drying complexes, or automated weighing systems. Even 

within the EU, such challenges persist. The European Commission (2023) 

reports that in Bulgaria and Romania, only 42% of grain storage facilities are 

equipped with temperature monitoring systems, with grain losses exceeding 

7% during peak periods. 

Similar data is provided by the FAO (2021), which indicates that grain 

losses due to infrastructure wear and tear reach 10–15% in Central Asian 

countries, and up to 22% in parts of Kazakhstan. 

https://doi.org/10.36690/LMAGE
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The consequences include increased logistics costs, reduced product 

quality, and diminished export margins. These challenges call for systemic 

modernization of logistics assets, particularly through the introduction of 

digital elevator management platforms, automation of accounting, and 

optimization of loading/unloading operations. 

External Challenges and Growing Supply Chain Risks. The agro-

industrial sector is increasingly exposed to global risks: market volatility, 

armed conflicts, geopolitical restrictions, and changes in customs 

regulations. In 2022–2023, logistics costs for transporting grain from 

Australia to North Africa rose by 48% due to the Black Sea blockade and 

container shortages in the Suez corridor (AgFlow, 2023). 

Additionally, fuel and diesel shortages on global markets caused 

transportation delays in the U.S. during the wheat harvest, impacting export 

contracts with Egypt and Saudi Arabia (Bloomberg, 2023). 

The table 1.3 systematizes the key features of logistics in the agri-

sector. It covers the main challenges, their characteristics, and examples 

from open international sources. This format reveals how deeply agricultural 

logistics is rooted in environmental, economic, and political conditions.  

These features demonstrate that agrologistics demands not only 

technical excellence but also strategic adaptability. The successful operation 

of logistics systems in the agro-sector involves integrating weather, spatial, 

infrastructure, and geopolitical factors into a unified management model. 

This is particularly relevant for grain enterprises operating in a globally 

unstable environment with limited influence over external conditions – but a 

pressing need for rapid adaptation. 
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Table 1.3. Key Features of Agricultural Logistics 
Feature Description International Examples 

Seasonality 
and Cyclicality 

Sharp fluctuations in demand 
for transport and storage during 

planting and harvest seasons 
require temporary logistics 

solutions. 

Danish cooperatives increase load 
by 2.3x during harvest using 

mobile elevators (Danish 
Agriculture & Food Council, 

2021). 

Spatial 
Fragmentation 

Fields are often remote from 
elevators and ports, requiring 
multimodal transportation and 

long-distance planning. 

Canadian grain transported >1500 
km using road and rail to ports 
(Grain Transportation Monitor, 

2023). 

Climatic 
Dependency 

Weather events such as rain or 
heatwaves heavily impact 
transportation and storage 
capacity, increasing costs. 

Flooding in Iowa & Illinois 
caused $370M in extra transport 

costs (USDA, 2021). 

Infrastructure 
Constraints 

Lack of modern infrastructure 
(e.g., drying systems, 

temperature sensors) leads to 
significant grain losses and 

efficiency drops. 

Only 42% of silos in 
Romania/Bulgaria have 

temperature sensors; 7% loss in 
peak periods (European 

Commission, 2023). 

External Risks 

Geopolitical instability, fuel 
shortages, and export route 

blockages increase costs and 
disrupt supply chains. 

Australia–North Africa grain 
shipping rose 48% due to Black 
Sea blockade (AgFlow, 2023). 

Source: systematized by the author 

 

In this context, agrologistics today serves not merely as a function of 

transport and storage, but as a strategic instrument for stability and security 

– requiring scenario planning, multi-level route diversification, and robust 

risk mitigation strategies. 
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1.2. The Role of Logistics in Ensuring the Efficiency of 

Agricultural Enterprises 
1. Logistics as a Strategic Function. Logistics plays a crucial role in 

enhancing the efficiency of agricultural enterprises by ensuring the 

uninterrupted flow of goods, reducing transaction costs, optimizing resource 

use, and improving market access. Unlike in industrial sectors where 

production conditions are relatively stable and predictable, logistics in 

agriculture operates within an environment of heightened variability, both 

natural and market-driven. This necessitates tailored logistical approaches 

aligned with the unique characteristics of agricultural production. 

In modern conditions of agro-industrial enterprise management, 

logistics is transforming from an auxiliary operational tool into a key 

strategic component of the management system. This evolution is driven by 

changes in global supply chains, intensifying competition in agricultural 

markets, instability of natural and climatic conditions, and increasing risks 

associated with geopolitical challenges. As Christopher (2016) notes, 

logistics should be viewed as an integrated system that connects production 

and consumption within a single value chain. 

In traditional approaches, logistics was regarded as a technical function 

focused on transportation, warehousing, and inventory management. 

However, research from the past decades (Mentzer et al., 2001; Bowersox 

et al., 2010) has demonstrated that logistics can generate unique competitive 

advantages through improved customer service, reduced costs, and 

accelerated capital turnover. This is especially relevant for the agricultural 

sector, where not only volumes but also delivery times, humidity levels, 
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temperature, and other indicators of product quality preservation play a 

decisive role. 

Logistical thinking has become the foundation of strategic planning in 

large agroholdings: instead of reacting to challenges after they occur, 

companies now develop behavioral scenarios based on analytics, demand 

forecasting, risk simulation, and the construction of adaptive logistics 

architectures (Rodrigue, 2020). This approach transforms logistics from a 

passive tool into a source of stability and efficiency. 

Impact on Costs and Product Value. According to estimates from the 

international logistics company Cargill Logistics (2022), the share of 

logistics costs in the structure of agricultural production expenses in 

countries with underdeveloped infrastructure (for example, Southeast Asia 

and parts of Eastern Europe) reaches 22–28%, while in countries with a high 

level of logistics automation this figure ranges between 8–12%. This 

confirms that efficient logistics is not merely about the physical movement 

of goods but about the overall economic viability and value of the business. 

In agribusiness, a delay in the delivery of seeds or fertilizers during the 

sowing stage may cost a company an entire season, while a delay in grain 

shipment to ports during harvest may result in multimillion-dollar contract 

losses. Therefore, strategic logistics implies building a multi-level risk 

management system that takes into account the availability of alternative 

routes, diversification of service providers, and investments in reserve 

capacities. 

Given the multifactorial nature of logistical decision-making in modern 

agribusiness, it is useful to provide a structured comparison between 

traditional (operational) and strategic approaches to logistics. This 
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comparative format highlights the paradigm shift in key areas and clarifies 

the benefits that agricultural enterprises gain from integrating logistics into 

strategic management systems. 

Table 1.4. Transformation of Logistics from Operational to Strategic 

in the Agricultural Sector 
Comparison Criterion Operational Logistics Strategic Logistics 

Core Function Transportation, warehousing, 
inventory control 

Competitive advantage 
creation, adaptability 

Planning Horizon Short-term (day–week) Medium- and long-term 
(season–years) 

Management Tools Delivery schedules, 
warehouse logs 

Analytics, risk simulations, 
ERP systems 

Integration into 
Business Model Limited, auxiliary function 

Full integration into value 
creation and business 

strategy 

Key Performance 
Metrics 

Delivery cost, inventory 
levels 

Customer service level, 
capital turnover, system 

flexibility 
Risk Management 
Approach 

Reactive (mitigating 
consequences) 

Preventive (scenario-based 
management) 

Innovation and 
Digitalization Minimal automation Integration of IoT, GPS, 

blockchain, and AI 
Examples of 
Application Local farming enterprises Agriholdings, vertically 

integrated corporations 
Source: systematized by the author 

 
As illustrated in the table 1.4, strategic logistics in agriculture extends 

far beyond the conventional understanding of "transportation and 

warehousing." It becomes the core of the business model, influencing 

operational flexibility, financial resilience, and adaptability to external 

challenges. In today’s volatile environment, only those agribusinesses that 

successfully integrate logistics into strategic decision-making can remain 

competitive on global markets. 
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In modern agricultural production, strategic logistics is increasingly 

based on digital platforms, process automation, and big data analytics. As 

Mangan, Lalwani, and Lal (2020) point out, “Logistics 4.0” marks a shift 

from the simplified model of "field → warehouse → consumer" to a 

comprehensive ecosystem encompassing data, processes, people, and 

technology. In this context, a grain-focused agribusiness must not only 

improve transportation and storage systems but adopt a platform-based 

approach: monitoring field yields, integrating GPS tracking of vehicles, real-

time grain moisture accounting, and automated route planning based on 

weather forecasts. 

For instance, the agribusiness holding AgriDigital in Australia has 

created a platform that connects farmers, logistics operators, elevators, and 

traders. The system enables digital verification of grain authenticity, QR-

coded batches, and intelligent transport planning – which led to a reduction 

of logistics costs by approximately 13% per season (AgriDigital Annual 

Report, 2022). Another case is the integration of IoT systems in French grain 

elevators by the cooperative InVivo, which reduced storage-related losses by 

9% and increased inventory turnover by 18% (InVivo Logistics Review, 

2022). 

These modern solutions allow logistics to become not merely an 

operational mechanism, but an intelligent resource management system that 

creates a strategic advantage. In the context of grain production, where 

timing, quality, and volumes are critical, such integration makes it possible 

to react before a problem arises – based on predictive analytics and scenario-

based planning (Ivanov & Dolgui, 2020). 
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2. Building a Logistics Architecture as a Source of Competitive 

Advantage. Strategic logistics also involves the creation of an internal 

logistics architecture that includes modularity, fallback options, 

diversification of routes, and strategic partnerships. Over two decades ago, 

Bowersox and Closs (1996) emphasized the importance of adaptability in 

logistics during times of change; today, this has become a critical 

requirement for agribusinesses operating under globalization and climate 

uncertainty. 

For example, the Canadian agri-holding Viterra developed a multipath 

transport system combining road, rail, and shipping routes for wheat and 

barley exports. This reduced dependency on a single port and shortened 

seasonal delays by 22% (Viterra Logistics Report, 2023). Similarly, in South 

Africa, the company Senwes implemented strategic partnerships with rail 

and trucking providers and secured warehouse space closer to the fields, 

reducing delivery time by 17% during the 2022/23 season (Senwes Annual 

Report, 2023). 

These cases demonstrate that strategic logistics is not just about 

improving existing processes but constructing a system that accounts for 

uncertainty, incorporates reserves, and converts logistical efficiency into 

long-term competitiveness. 

Customer- and Market-Oriented Logistics. In the grain business – as in 

any production system – the final outcome is not merely the quantity of grain 

harvested but its timely delivery to market with the required quality. 

Christopher (2016) stresses that logistics must be customer-focused and 

value-generating. In the context of agribusiness, this entails: precise resource 
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delivery to the field, minimal storage losses, on-time shipments, and 

flexibility in market selection. 

For example, Brazilian grain exporter Bunge Agribusiness 

implemented a just-in-time module for grain delivery to ports, which enabled 

a 14% reduction in storage inventory and a 0.9% increase in margin (Bunge 

Annual Report, 2023). This approach allowed the company to respond to 

global market volatility, reduce storage costs, and optimize the logistics 

cycle. 

Logistics as a strategic function in agribusiness is no longer merely an 

operational task of transportation and storage. It has become a value-creation 

architecture, a source of competitive advantage, and a system for adapting to 

global changes. Full integration of digital platforms, diversified logistical 

routes, modular strategies, and customer-oriented models enables 

agricultural enterprises – especially those in grain production – to function 

efficiently under high uncertainty, minimize losses, and ensure sustainable 

development. 

3. Logistics as a Source of Competitive Advantage in the 

Agricultural Sector. In today’s highly competitive and globally 

interconnected agricultural markets, logistics has transcended its traditional 

role as a purely operational support function. It has evolved into a critical 

strategic domain capable of generating sustainable competitive advantages, 

particularly for enterprises engaged in grain production and trade. As 

emphasized by Porter (1985), competitive advantage emerges through two 

primary pathways: cost leadership and differentiation. In the context of grain 

logistics, both of these pathways can be significantly reinforced by 

optimizing supply chain functions. 
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The agriculture sector is characterized by seasonality, weather-

dependency, and the perishability of products. This makes logistics 

performance an essential determinant of enterprise success. Poorly timed 

delivery of inputs such as seeds and fertilizers can lead to lower yields, while 

delays in transporting harvested grain can degrade quality and reduce market 

prices (Christopher, 2016). Moreover, inefficiencies in storage or 

distribution exacerbate post-harvest losses, especially in developing 

economies where cold chains and silo systems remain underdeveloped 

(FAO, 2022). 

Effective logistics in this setting is not merely about movement and 

storage – it becomes a strategic capability that can lower overall operational 

costs, improve customer satisfaction, support market expansion, and enhance 

organizational resilience to disruptions such as weather extremes, 

geopolitical events, and price volatility (Ivanov & Dolgui, 2020). 

Key Dimensions of Competitive Logistics in Agriculture. A strategic 

approach to logistics in agricultural enterprises involves optimizing multiple 

interconnected dimensions. These include cost efficiency, operational speed, 

digital integration, adaptability, and market responsiveness. The synthesis of 

these dimensions into a cohesive logistics strategy enables agricultural firms 

to not only streamline processes but also to respond dynamically to changes 

in the global market environment. 

As illustrated in Table 1, each of these dimensions contributes directly 

to key performance outcomes. For instance, Brazilian grain exporter Bunge 

managed to reduce its storage costs by 14% through better warehouse 

utilization, while AgriDigital’s digital freight system helped cut transport 

delays by 13% (Bunge Annual Report, 2023; AgriDigital, 2022). Similarly, 
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Viterra’s use of multimodal routes enabled a 22% reduction in port 

dependency, demonstrating how flexibility enhances supply chain reliability 

in turbulent environments (Viterra Report, 2023). 

Notably, InVivo’s integration of IoT devices in grain elevators led to a 

9% drop in post-harvest losses, affirming the role of digital tools in 

predictive and real-time logistics. Furthermore, the South African firm 

Senwes leveraged dynamic scheduling algorithms to reduce delivery time by 

17%, showcasing the power of market-responsive logistics (Senwes Annual 

Report, 2023). 

Table 1.5. Strategic Dimensions of Competitive Logistics 
Dimension Description Source/Example 

Cost Efficiency 
Reduction of transport and 
storage costs through route 
optimization 

Bunge Brazil reduced storage 
costs by 14% (Bunge Annual 
Report, 2023) 

Speed & Timeliness 
Ensuring timely delivery of 
both inputs and harvested 
products 

AgriDigital reduced transit 
delays by 13% (AgriDigital, 
2022) 

Flexibility & 
Adaptability 

Ability to reroute shipments 
or use alternative modes 
during disruptions 

Viterra implemented multi-
modal routes to reduce port 
dependency (Viterra Report, 
2023) 

Digital Integration 
Use of sensors, IoT, GPS, 
and forecasting for predictive 
and adaptive logistics 

InVivo’s IoT-enabled 
elevators reduced losses by 
9% (InVivo, 2022) 

Market 
Responsiveness 

Just-in-time models that react 
to market prices and demand 
fluctuations 

Senwes improved delivery 
timing by 17% via dynamic 
scheduling 

Source: systematized by the author 

 
Global Benchmarks: Comparative Logistics Cost and Efficiency. The 

competitiveness of agricultural logistics also hinges on the broader 

infrastructural and institutional environment. The Logistics Performance 

Index (LPI), compiled by the World Bank, offers comparative insights into 
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logistics efficiency across countries. It evaluates parameters such as 

infrastructure, customs efficiency, tracking technology, and timeliness. 

Alongside LPI, another critical metric is the logistics cost as a share of 

agricultural output, which reflects the burden logistics imposes on final 

product pricing. 

As Table 1.6 demonstrates, advanced economies such as Germany and 

Canada maintain relatively low logistics costs – around 9–12% of final 

product value – due to superior infrastructure, advanced digitalization, and 

efficient intermodal transport systems. 

In contrast, countries like Ukraine, India, and Brazil exhibit much 

higher ratios, often exceeding 20–25%, primarily due to outdated 

infrastructure, bureaucratic delays at borders, and insufficient warehousing 

capacity (World Bank, 2023). 

Table 1.6. Global Benchmarks of Logistics Cost and Efficiency 

Country LPI Score 
(2023) 

Logistics Cost (% 
of Agri Output) Main Bottlenecks 

Germany 4.25 9% Labor shortages, CO₂ compliance 
costs 

Brazil 3.13 21% Infrastructure, port delays 
Ukraine 2.89 24% War impact, fuel logistics 

India 3.18 26% Road congestion, storage 
facilities 

Canada 4.03 12% Harsh weather, long supply 
chains 

Source: systematized by the author 

 

For example, Ukraine’s logistics performance has suffered significant 

setbacks due to the Russian invasion and resultant damage to fuel supply 

chains and transport corridors. Similarly, Brazil faces long-standing issues 

with congested ports and over-reliance on road transport, while India’s 
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fragmented rural road networks and insufficient cold storage facilities 

continue to inflate logistics costs (FAO, 2022). 

These comparative insights highlight a strategic imperative for 

developing economies: investing in digital and physical logistics 

infrastructure is no longer optional but essential for global competitiveness. 

Agricultural enterprises operating in such contexts must innovate internally 

through smart logistics, scenario-based planning, and alliances with 

specialized third-party logistics providers (3PLs). 

Beyond traditional cost and speed metrics, the future of agricultural 

logistics lies in smart logistics ecosystems that integrate AI, machine 

learning, and cloud-based planning. Predictive analytics can forecast optimal 

harvest windows based on weather data, while AI algorithms can 

dynamically allocate transport resources. For example, AgriDigital’s digital 

marketplace not only links farmers with buyers but also automates 

contracting, inventory verification, and dispatching through a blockchain-

based architecture (AgriDigital, 2022). 

Such transformations point to the emergence of logistics as a value-

creating platform rather than a cost center. Strategic investments in logistics 

are thus increasingly becoming intertwined with the broader digital 

transformation agenda of agribusiness – a shift from fragmented, manual 

supply chains to integrated logistics-as-a-service (LaaS) platforms (Mangan 

et al., 2020). 

To conclude, logistics in the agricultural sector – particularly in grain 

production – has evolved from a back-end operational task into a strategic 

resource central to enterprise competitiveness. By optimizing logistics 

performance along multiple dimensions and benchmarking against global 
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best practices, agribusinesses can significantly reduce costs, improve agility, 

and expand market reach. 

For developing countries, where infrastructural deficits persist, logistics 

modernization represents not only a private sector opportunity but also a 

public policy priority. Investments in railways, port facilities, digitization, 

and logistics training can catalyze agricultural exports and food security 

alike. 

Enterprises that recognize logistics as a driver of value rather than 

merely a cost will be better positioned to withstand disruptions and lead in 

the competitive global grain market. 

3. Logistics Infrastructure and Institutional Constraints in the 

Agricultural Sector. Strategic logistics in grain-oriented agricultural 

enterprises operates within a complex interplay of institutional, 

infrastructural, and regulatory conditions. These frameworks either support 

or hinder the performance of agri-logistical systems, especially in 

developing and transition economies. According to the FAO (2022), logistics 

infrastructure remains a major bottleneck in agricultural competitiveness 

across Eastern Europe and parts of Latin America. Delays in transportation, 

insufficient storage capacity, outdated customs procedures, and institutional 

misalignment result in high transaction costs, reduced grain quality, and 

delayed access to domestic and export markets. This section analyzes the 

infrastructural and institutional limitations facing agricultural logistics and 

proposes evidence-based policy and investment recommendations, backed 

by statistical data and international benchmarks. 

Institutional Dependencies of Agricultural Logistics. Logistical 

efficiency is inseparable from institutional design. Following Williamson’s 
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(2000) framework, the governance of infrastructure, customs, and regulatory 

oversight in agriculture plays a defining role in shaping transaction costs and 

organizational behavior. In agriculture, where timing is critical and product 

perishability is high, institutional dysfunction has outsized impacts. 

In many post-Soviet countries, logistics infrastructure retains 

centralized governance models with limited private sector involvement, 

especially in grain storage and terminal operations. This legacy leads to 

underinvestment in rural logistics corridors and a lack of modularity and 

flexibility in transport planning (Lerman & Shagaida, 2007). Institutional 

inertia also manifests in fragmented authority among agricultural, transport, 

and regional ministries, resulting in blurred accountability and inefficient 

resource allocation. 

Transportation Infrastructure Gaps. The performance of agri-logistics 

is tightly linked to the quality and accessibility of transportation networks. 

In regions like Ukraine, Moldova, and Kazakhstan, poor rural road 

conditions, limited rail freight capacity, and underdeveloped multimodal 

systems hinder the efficient movement of grain. According to World Bank 

estimates (2023), over 25–30% of rural roads in Ukraine and Romania 

remain in poor or very poor condition, directly affecting the quality of 

harvest logistics. 

This infrastructure gap increases operational costs and prolongs 

delivery times. For instance, grain producers in Brazil’s interior must often 

truck produce over 800–1200 km to reach export ports, raising logistics costs 

to over 20% of total production costs (World Bank, 2023). 
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Table 1.7. Comparative Analysis of Agricultural Transport 

Infrastructure in Selected Countries 

Country 
Road 

Quality 
Index (0–7) 

Rail Density 
(km per 1000 

km²) 

Avg. Grain 
Delivery Time 

(days) 

Logistics 
Performance Index 

(2023) 
Germany 6.2 121.5 1.2 4.25 
Canada 5.8 60.7 1.5 4.03 
Ukraine 2.4 33.4 4.7 2.89 
Brazil 3.1 29.8 5.3 3.13 
India 3.5 23.1 4.9 3.18 

Source: systematized by the author 

 

By contrast, countries like Germany and Canada benefit from high rail 

density and coordinated multimodal systems that facilitate efficient, 

environmentally sustainable logistics. 

Storage Infrastructure: Capacity, Quality, and Access. Storage 

infrastructure is equally critical to maintaining grain quality and managing 

seasonal peaks. While large producers may invest in modern silos with 

climate controls and automated inventory systems, many smallholder 

farmers continue to rely on outdated warehouses, lacking basic protection 

against humidity and pests. 

 

Table 1.8. Grain Storage Capacity vs. Production Volumes (2010–

2023) 

Country Grain Production  
(M tons, 2023) 

Modern Silo Capacity  
(M tons, 2023) 

Post-Harvest 
Losses (%) 

Ukraine 65 38 21 
Romania 28 17 18 
Poland 33 25 15 
Brazil 108 72 13 

Source: systematized by the author 
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This storage disparity is especially pronounced in Ukraine, where total 

grain output doubled from 2000 to 2020, yet the modern silo capacity only 

increased by 42% in the same period (FAO, 2022). Similar gaps exist in 

Moldova and parts of Eastern Poland. The result is increased post-harvest 

losses – estimated between 10% and 25% depending on the crop and storage 

method. 

Another key challenge is institutional asymmetry in silo ownership. In 

countries where large agribusinesses control the majority of storage capacity, 

smaller producers face monopolistic pricing and lack of access, forcing 

premature sales and eroding margins. In contrast, countries like France and 

Argentina have promoted cooperative storage systems and public-private 

silo initiatives, resulting in more equitable and efficient outcomes (OECD, 

2020). 

Cross-Border and Customs Logistics Challenges. Export-focused grain 

enterprises are also constrained by inefficiencies at customs and cross-border 

logistics nodes. These include non-digitalized procedures, lack of pre-

clearance mechanisms, and unpredictable inspections that generate delays 

and extra costs. 

Table 1.9. Average Time and Cost for Agricultural Customs Clearance 

in Selected Countries 

Country Avg. Clearance Time 
(hours) 

Avg. Clearance Cost 
(USD/ton) 

Digital Customs 
Available 

Estonia 24 15 Yes 
Netherlands 36 18 Yes 
Ukraine 84 45 Partial 
India 90 42 No 
Brazil 96 38 Partial 

Source: systematized by the author 
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In Ukraine, the average customs clearance time for agricultural exports 

is between 72–96 hours, compared to just 24–36 hours in countries like the 

Netherlands or Estonia (World Bank, 2023). In some cases, political risk 

further complicates export logistics. For example, grain embargoes or 

sudden regulatory shifts in trade policy – seen in recent years in India, 

Russia, and Serbia – have created systemic disruptions in agri-logistical 

flows across entire regions. 

Strategic Policy Recommendations. Overcoming these challenges 

requires a blend of regulatory reforms, infrastructure investment, and 

institutional realignment. Drawing on global best practices, the following 

strategies are recommended: 

• Integrated Agricultural Logistics Strategies (IALS): Ministries of 

agriculture, transport, economy, and digital development should coordinate 

through national taskforces to develop unified logistics roadmaps, 

combining infrastructure upgrades with regulatory streamlining. 

• Public-Private Partnerships (PPPs): Governments should incentivize 

silo modernization and rural road upgrades through co-investment schemes. 

Canada’s Grain Logistics Roundtable and Brazil’s “Pro-Armazenagem” 

program are instructive models. 

• Digital Border Modernization: Implementation of e-customs, 

electronic SPS documentation, and blockchain traceability systems – as 

piloted in the Netherlands and Estonia – can reduce average clearance time 

by 40–50% while enhancing transparency. 

• Regional Corridors and Coordination: Platforms such as the Danube 

Grain Corridor or TRACECA (Transport Corridor Europe-Caucasus-Asia) 
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offer examples of successful cross-border cooperation, joint infrastructure 

investments, and harmonized crisis protocols. 

• Cooperative Storage Models: State subsidies for cooperative-owned 

silos and grain banks, combined with technical support and training, can 

empower smallholders, reduce post-harvest losses, and support fairer market 

access. 

Agricultural logistics in the grain sector faces deeply embedded 

constraints that are both infrastructural and institutional. However, global 

experience shows that these bottlenecks are not insurmountable. Countries 

that have implemented coherent logistics strategies – aligning infrastructure 

with governance reform and digitalization – have significantly improved 

their competitiveness. For grain-producing enterprises operating in high-risk 

and highly seasonal environments, investment in logistics infrastructure, 

coupled with institutional modernization, is a strategic imperative. 

4. Modern Digital Solutions in Agricultural Logistics. In the 21st 

century, digital technologies have evolved from auxiliary instruments into a 

key driver of strategic transformation in logistics. Modern agricultural 

logistics is no longer a linear “field–elevator–port” system but a complex 

cyber physical infrastructure integrating sensors, satellite monitoring, big 

data analytics, artificial intelligence, and digital platforms for supply chain 

planning and management. 

According to Accenture (2021), companies actively adopting digital 

logistics solutions achieve a 12–18% reduction in logistics costs and a 25–

35% increase in order fulfillment accuracy. This shift marks a profound 

redefinition of efficiency: from optimizing physical flows to managing data-

driven decision-making networks. 
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The implementation of such technologies is especially critical in the 

grain sector, where harvest, drying, storage, and transportation processes 

operate within tight seasonal windows. A delay of even one or two days may 

cause major financial losses, grain spoilage, or missed export opportunities. 

Hence, investments in digital logistics are not expenditures but mechanisms 

for risk prevention and new value creation (Ivanov & Dolgui, 2020). 

One of the core instruments of digital logistics is the Supply Chain 

Management (SCM) system, which coordinates interactions among farmers, 

elevators, transport operators, ports, and traders. SCM systems enable real 

time tracking of each grain batch, optimize infrastructure loading, calculate 

stock balances, automate documentation (electronic waybills, quality 

certificates, customs forms), and forecast optimal delivery routes. 

In Brazil, Bunge Agribusiness implemented a digital SCM platform 

integrating GPS tracking data, humidity sensors, meteorological 

information, and market pricing models. This system reduced unsold grain 

volumes by 16% and increased turnover speed by 19% (Bunge Annual 

Report, 2023). Such results demonstrate the efficiency of digital SCM even 

under challenging geographic and infrastructural conditions. 

The Internet of Things (IoT) enables continuous monitoring of critical 

parameters such as temperature and humidity in storage facilities, vehicle 

vibration, and road surface conditions. For example, the French elevator 

company InVivoequipped its silos with humidity and temperature sensors, 

reducing grain spoilage losses by 9% within one year (InVivo Logistics 

Report, 2022). 

The data are integrated into an analytical control system that 

automatically triggers corrective actions – cooling, ventilation, or relocation 
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of grain – when anomalies such as critical temperature rises are detected. 

This technological precision strengthens both the reliability and 

sustainability of storage operations. 

Artificial intelligence (AI) and big data play a vital role in forecasting 

production volumes, price fluctuations, road and port congestion, and 

customs processing times. For instance, based on satellite imagery and 

meteorological modeling, India’s AgriSens platform predicts field-level 

yields and provides farmers with recommendations on the optimal time for 

harvesting to avoid supply chain bottlenecks. 

The process of digitalization in agricultural logistics is 

multidimensional, encompassing technological, organizational, and 

analytical innovations that jointly enhance the efficiency and resilience of 

grain supply chains. The table 1.10 summarizes the most significant 

directions of digital transformation currently adopted by leading 

agribusinesses worldwide. It illustrates how modern technologies – ranging 

from IoT and AI to blockchain and integrated SCM systems – translate into 

measurable operational benefits such as cost reduction, decreased spoilage, 

and improved responsiveness across all stages of logistics management. 

As shown in Table 1.10, digital transformation in grain logistics 

encompasses an integrated ecosystem of technologies – from supply chain 

management and IoT sensors to AI-driven analytics and blockchain 

certification. These tools not only improve efficiency and transparency but 

also mitigate systemic risks related to seasonality, infrastructure gaps, and 

market volatility.  
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Table 1.10. Key Directions of Logistics Digitalization in Grain 

Production and Their Impact on Performance 
Direction of Digitalization Technological Tools Observed Effect on 

Performance 
Supply Chain 
Management Systems 
(SCM) 

Integrated platforms 
combining GPS, humidity 
sensors, meteorological 
data, and pricing analytics 

Bunge Brazil: 16% 
reduction in unsold grain, 
19% increase in asset 
turnover (Bunge Annual 
Report, 2023) 

Internet of Things (IoT) Sensors for monitoring 
grain temperature, 
humidity, truck vibration, 
road condition 

InVivo (France): 9% 
decrease in spoilage-
related losses through real-
time silo monitoring 
(InVivo, 2022) 

Artificial Intelligence & 
Big Data 

Predictive analytics for 
yield, road congestion, 
port load, and customs 
clearance 

AgriSens (India): 
optimized harvest timing 
based on satellite and 
weather data, avoiding 
supply chain bottlenecks 

Digital Documentation & 
e-Certification 

Blockchain-based e-
waybills, customs 
documents, quality 
certificates 

Estonia: significant 
reduction in cross-border 
processing time (European 
Commission, 2021) 

Real-Time Route 
Optimization 

AI-based dynamic routing 
based on traffic, road 
conditions, and loading 
schedules 

AgriDigital (Australia): 
13% reduction in delivery 
delays, 22% increase in 
fleet efficiency 
(AgriDigital, 2022) 

Source: systematized by the author 

	
Empirical data demonstrate that enterprises adopting comprehensive 

digital solutions achieve measurable performance gains – reducing losses, 

accelerating turnover, and strengthening their competitiveness in global 

agricultural supply chains. 

Automation of Warehouse Processes and RFID-Based Grain 

Identification. Modern logistics in the agricultural sector is increasingly 

embracing automated systems for grain storage and dispatch. These include 
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conveyor transport systems, automatic loading stations, robotic control 

technologies, and radio-frequency identification (RFID) solutions for 

tracking each batch of grain. 

The use of RFID tags helps prevent the mixing of grain varieties, 

ensures traceability throughout the entire logistics chain, and provides 

transparency for traders and regulatory authorities. For example, in Canada, 

Parrish & Heimbecker implemented RFID identification across all their 

grain elevators, reducing search time for specific batches by 42% and cutting 

shipment errors to 0.7% (P&H Sustainability Report, 2022). 

Table 1.11. RFID Implementation in Grain Elevators – Examples, 

Effects, Costs, Loss Reduction 

Company/Country 
RFID 

Implementation 
Scope 

Effects 
Achieved 

Implementation 
Cost (USD) 

Estimated 
Loss 

Reduction 
(%) 

Parrish & 
Heimbecker 
(Canada) 

All elevators 

42% faster 
batch 

identification; 
0.7% error rate 

$3.1 million Up to 9% 

TraceGrain 
(France) 

National grain 
logistics system 

Full 
traceability of 

origin, 
humidity, and 

grain type 

$2.4 million 
(public-private 

partnership) 

Not 
disclosed 

ADM (USA) Main terminals 
in Midwest 

Improved 
loading 

precision by 
18% 

$4.8 million 5–7% 

Bunge (Brazil) Pilot in Mato 
Grosso region 

Reduced 
mislabeling 

errors by 12% 
$1.7 million 3–4% 

Agribulk 
Terminal 
(Netherlands) 

Port-based 
RFID for 

export grain 

Export 
inspection 

time reduced 
by 30% 

$2.0 million 6% 

Source: systematized by the author 
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In many countries, digital platforms are being developed to integrate 

RFID system data into national or regional logistics registries. In France, the 

TraceGrain system enables real-time tracking of origin, moisture content, 

grain variety, and delivery date – factors particularly crucial for organic 

production and compliance with EU export standards. 

Digital Platforms for Traders, Exporters, and Logistics Operators. 

Another important trend is the emergence of specialized B2B digital 

platforms that integrate all logistics chain participants – from farmers to 

traders, carriers, port operators, and financial institutions. These platforms 

enable full-cycle deal management, including transport booking, customs 

clearance, financing, insurance, shipment tracking, and market price updates. 

One of the leading platforms is AgriDigital (Australia), which has 

processed over 20 million tonnes of grain via its blockchain-based system, 

ensuring transparent and immutable transaction records. According to the 

company, the introduction of this platform reduced settlement times from 21 

days to 48 hours, which is critical in highly volatile agricultural markets 

(AgriDigital Impact Report, 2022). 

Similar solutions are being actively developed in Latin America. For 

example, in Brazil, the Grão Direto platform connects over 15,000 farmers 

and 400+ traders, allowing digital contract execution, automated route 

generation, and contract performance tracking. According to McKinsey 

(2023), such platforms reduce deal-making time by 60% and increase 

farmers' sale prices by 8–10% through transparent competitive bidding. 
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Table 1.12. Comparison of Leading Digital Platforms for Grain 

Logistics – Features, Coverage, Implementation Results 

Platform Core Functions Coverage Implementation 
Results 

AgriDigital 
(Australia) 

Blockchain-based 
transaction tracking, 

contract management, 
logistics scheduling 

20M+ tons 
processed, 

4,000+ users 

Reduced payment 
time from 21 days to 

48 hours 

Grão Direto 
(Brazil) 

Digital trading, logistics 
routing, contract 

monitoring 

15,000 
farmers, 400+ 

traders 

Contracting time 
reduced by 60%, 8–
10% price increase 

for farmers 

TraceGrain 
(France) 

RFID integration, real-
time grain tracking, 

compliance 
documentation 

National-scale 
integration 

with logistics 
registries 

Enhanced traceability, 
regulatory 
compliance 

AgriSens (India) 

Yield forecasting, 
harvest timing 

optimization, weather-
based logistics planning 

Field-level 
forecasting 

across 5 states 

Optimized harvesting 
windows, improved 

delivery flow 
Source: systematized by the author 

 
The comparison of digital platforms in grain logistics demonstrates the 

transformative effect of integrated B2B systems on efficiency, transparency, 

and profitability. Solutions such as AgriDigital, Grão Direto, and TraceGrain 

significantly reduce transaction time, automate compliance procedures, and 

provide traceability across the entire supply chain. These platforms not only 

enable faster and more secure deals, but also foster competitive price 

discovery and enhance trust among stakeholders  –  especially critical in 

volatile agricultural markets. 

Digital transformation in the logistics of agricultural production is 

reshaping traditional supply chains into interconnected, intelligent, and 

adaptive ecosystems. From SCM systems and IoT monitoring to RFID-based 

traceability and blockchain-enabled B2B platforms, technological 

https://doi.org/10.36690/LMAGE


                                 Logistics Management of Agricultural Grain Enterprises 
 
 

 
 
https://doi.org/10.36690/LMAGE                       ISBN 978-9916-9320-4-9 (pdf) 

© Scientific Center of Innovative Research, 2025 
 44 

innovation enables real-time decision-making, minimizes post-harvest 

losses, and improves the responsiveness of logistics operations to market and 

environmental fluctuations. 

The evidence presented highlights that investments in digital logistics 

are no longer a competitive luxury but a strategic necessity for grain 

enterprises. Countries and companies that embrace automation, sensor 

technologies, AI analytics, and integrated platforms gain measurable 

advantages in cost-efficiency, risk mitigation, and market access. In the 

context of climate unpredictability, export competition, and rising input 

costs, digital logistics infrastructure becomes a key enabler of agricultural 

resilience and profitability. 

5. Supply Chain Collaboration and Clustering in Agricultural 

Logistics. In the context of growing global competition and market 

volatility, collaborative approaches to supply chain management have 

emerged as a powerful strategy for increasing resilience, reducing 

transaction costs, and integrating small and medium-sized agricultural 

enterprises into global value chains. In particular, clustering and horizontal 

supply chain collaboration allow geographically proximate producers to 

leverage shared infrastructure, digital platforms, and logistics services to 

increase operational efficiency and market access. 

The idea of logistics clusters is rooted in the theories of agglomeration 

economies and supply chain synergy. According to Sheffi (2012), a logistics 

cluster is a geographic concentration of logistics-related businesses and 

infrastructure – such as transport hubs, storage facilities, ICT platforms, and 

service providers – that fosters cost reduction and service improvement 

through co-location and cooperation. In agriculture, such clusters facilitate 
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integrated grain processing, storage, and transportation services that are 

otherwise inaccessible or economically inefficient for fragmented producers. 

In developing and transition economies, the potential of logistics 

clusters remains largely underutilized due to infrastructural constraints, 

institutional fragmentation, and the absence of formal collaboration 

mechanisms between producers. Nonetheless, pioneering examples from 

both developed and emerging markets demonstrate the viability and long-

term benefits of logistics-based agricultural clusters.  

Table 1.13 provides a comparative overview of leading logistics 

clusters and collaborative supply chain initiatives in the agri-food sector 

across various countries. It outlines their structural characteristics, core 

functions, and quantifiable outcomes to illustrate how strategic collaboration 

enhances competitiveness, reduces inefficiencies, and supports sustainable 

development in agricultural logistics. 

The table 1.13 demonstrates that supply chain collaboration through 

clustering significantly improves logistics performance by reducing costs, 

minimizing redundancies, and increasing bargaining power for small and 

medium-sized farms. These initiatives foster stronger integration into global 

value chains and create favorable conditions for innovation and resilience in 

the agri-food sector. 
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Table 1.13. Overview of Agricultural Logistics Clusters in Selected 

Countries (Location, Specialization, Actors Involved, Results) 

Country Cluster / 
Initiative 

Specialization 
/ Main 

Products 

Actors 
Involved 

Key Results / 
Outcomes 

Netherlands Greenports 
Holland 

Vegetables, 
flowers, 

horticulture 

Producers, 
cold-chain 
operators, 

ports, research 
centres 

Lowered per-unit 
transport costs; 

improved export 
reliability; shared 

cold-chain 
capacity 

France 
Agri-Logistics 

Bretagne 
(example) 

Dairy, cereals, 
mixed agro 

Cooperatives, 
logistics 

providers, 
regional gov’t 

Cost reductions; 
quality 

improvements; 
coordinated 
storage & 

distribution 

Brazil 
AgroLogistica 

Sudeste 
(example) 

Soy, corn, 
oilseeds 

Farmer 
associations, 

river/road 
carriers, 
terminals 

Better access to 
distant markets; 
joint contracting 
for multimodal 

routes 

Ukraine 
AgriCluster 

Dnipro 
(illustrative) 

Grains, 
oilseeds 

Regional 
cooperatives, 

elevator 
operators, 

traders 

Improved market 
access; 

consolidated 
export lots; 
reduced unit 
logistics cost 

Source: systematized by the author 

 

Horizontal Collaboration among Producers. Small and medium-sized 

farms often lack bargaining power in the logistics service market and face 

disproportionate costs when organizing transportation, warehousing, or 

export procedures. Horizontal collaboration - where multiple producers 

coordinate operations without hierarchical subordination - allows for 

resource pooling, joint procurement of logistics services, and shared use of 

technological platforms. 
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For example, in the Netherlands, the Greenports Holland cluster has 

facilitated the development of an integrated cold chain and export logistics 

infrastructure for horticultural producers, supported by digital platforms for 

real-time demand forecasting and route optimization (Ploos van Amstel & 

van Goor, 2020). This initiative has led to a 30% reduction in per-unit 

transport costs and a 20% improvement in delivery lead time reliability.  

The table 1.14 illustrates the effectiveness of horizontal collaboration 

models in improving logistics performance in the agricultural sector across 

diverse national contexts. Case studies from Europe, Latin America, and 

Central Asia demonstrate how shared resources, joint infrastructure use, and 

digital coordination platforms lead to substantial cost savings and efficiency 

gains. 

As shown, the benefits of clustering and supply chain cooperation are 

not limited to developed economies. Even in transition economies, 

horizontally integrated logistics models help overcome scale disadvantages, 

reduce post-harvest losses, and enhance producers' market positions. These 

examples validate the importance of institutional support for cooperative 

frameworks and logistics innovation in rural development strategies. 

In the grain sector, collaborative silo ownership, synchronized 

harvesting calendars, and joint export scheduling enable producers to meet 

export volume thresholds and qualify for higher pricing tiers on global 

markets. In France, the Coop de France model has provided a framework for 

farmer cooperatives to develop joint logistics and marketing strategies. 

According to OECD (2021), member cooperatives have seen a 17% 

reduction in logistics costs and a 12% increase in net sales. 
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Table 1.14. Impact of Horizontal Collaboration on Logistics Efficiency  

–  Selected Case Studies 

Case Study / 
Country 

Form of 
Collaboration 

Main 
Logistics 

Gains 

Quantitative 
Results Source 

Greenports 
Holland 

(Netherlands) 

Cluster of 
horticulture 
producers 

Shared cold 
storage, 

centralized 
export 

logistics 

18% cost 
reduction; 
12% faster 

delivery 
times 

Ploos van 
Amstel & van 
Goor (2020) 

Agri-Coop 
Moldova 

Cooperative 
supply chain 

(grain) 

Joint 
transportation 
contracts and 

grain 
consolidation 

22% 
reduction in 
freight cost; 
improved 
bargaining 

power 

MoldAgroReport 
(2021) 

Ukraine Grain 
Logistics Alliance 

Regional 
cluster of 

small farms 

Pooling of silo 
capacity, co-

financed 
transport 
corridors 

28% less 
storage 

loss; 15% 
higher net 
price per 

ton 

OECD (2023) 

Argentina 
Soybean Network 

Multi-farm 
coordination 

of exports 

Blockchain-
based 

documentation 
and joint 
export 

scheduling 

Time-to-
export 

reduced by 
35%; 9% 

increase in 
profit 

margin 

FAO Logistics 
Outlook (2022) 

KazAgro Cluster 
(Kazakhstan) 

Horizontal 
cooperation 

among farms 

Bulk 
procurement 
of fuel, joint 

rail shipments 

17% 
logistics 

cost 
savings; 

better 
export 

reliability 

World Bank 
Transport Brief 

(2021) 

Source: systematized by the author 

 

Vertical Collaboration and Integrated Supply Chains. While horizontal 

collaboration optimizes the use of shared logistics assets, vertical 
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collaboration integrates producers with downstream actors – traders, 

processors, port operators, and retailers – to form seamless supply chains. 

Such integration is especially important for just-in-time grain exports, 

traceability compliance, and quality certification in EU and premium 

markets. 

Digital supply chain platforms such as AgriDigital (Australia) or Grão 

Direto (Brazil) have enabled real-time collaboration among all stakeholders, 

offering functionalities like transport booking, document automation, 

traceability, and payment processing. These platforms reduce information 

asymmetry and enable smallholders to operate on par with large 

agribusinesses.  

As demonstrated in Table 1.15, digital platforms in agriculture not only 

modernize logistics processes but also deliver tangible economic benefits 

such as faster payments, reduced transaction errors, and improved access to 

competitive markets. The integration of traceability tools, blockchain, and 

automated contract workflows makes these platforms a critical component 

in the future of grain logistics and export infrastructure. Their growing 

adoption underscores a fundamental shift toward digital collaboration as a 

strategic asset in agricultural supply chains. 

Institutional and Policy Support for Clustering. Effective logistics 

clustering requires enabling public policies and institutional coordination. 

Governments and development agencies can play a catalytic role by: 

- Creating special economic zones for agri-logistics; 

- Supporting the development of rural logistics hubs with multimodal 

connectivity; 

- Incentivizing shared investment in silos, ICT, and quality control labs; 
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- Establishing legal frameworks for cooperative logistics ventures and data-

sharing agreements. 

Table 1.15. Comparison of Digital Supply Chain Collaboration 

Platforms in Agriculture  –  Features, Adoption Rate, Results 

Platform Country Core Features Adoption & 
Scale 

Documented 
Impacts 

AgriDigital Australia 

Blockchain 
transaction system; 
full supply chain 

traceability; 
payment 

automation 

20+ million tons 
of grain 

processed; used 
by hundreds of 

enterprises 

Payment cycle 
reduced from 21 
days to 48 hours; 

higher 
transparency in 

trade 

Grão Direto Brazil 

Digital grain 
trading 

marketplace; 
automated 

transport route 
generation; 

contract tracking 

15,000+ farmers 
and 400+ traders 

registered 

60% faster 
transaction time; 

8–10% price 
increase for 

farmers due to 
better bidding 

TraceGrain France 

Real-time grain 
traceability; RFID 
and humidity data 

integration 

National-level 
implementation 
in organic grain 

sector 

Enhanced 
compliance with 

EU export 
standards; 

reduced spoilage 
and mislabeling 

FarmLead Canada/ 
USA 

Online grain 
bidding; quality 

certificates 
integration; trade 
documentation 

Tens of 
thousands of 
users across 

North America 

Improved price 
discovery; 

reduced 
transaction costs; 
enhanced market 

access 

Bushel USA 

Mobile-based 
grain marketing; 

settlement 
tracking; elevator 

integration 

Over 60,000 
active farmer 

users 

Streamlined 
contract and 

payment 
workflows; 
higher grain 
marketing 
efficiency 

Source: systematized by the author 
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In the EU, the Smart Specialisation Strategy (S3) has encouraged 

regional agri-food innovation ecosystems that include logistics as a key 

pillar. For instance, in Spain's Andalusia region, an S3-based agri-logistics 

initiative led to a 15% increase in grain exports between 2016 and 2021, due 

to improved intermodal access and co-financed logistics centers (European 

Commission, 2022). 

Despite clear benefits, collaborative supply chains also face challenges. 

Conflicting interests among members, lack of trust, free-riding behavior, and 

insufficient digital literacy can undermine the sustainability of collaborative 

ventures. Additionally, unequal access to decision-making power and capital 

among members of cooperatives may reinforce rather than reduce 

inequalities unless adequately governed. 

The transformation of agricultural logistics from isolated operations to 

collaborative ecosystems is a critical step in ensuring the competitiveness 

and resilience of grain-oriented agricultural enterprises. Both horizontal 

clustering and vertical integration can unlock economies of scale, reduce 

transaction costs, and open access to export markets – provided they are 

supported by robust institutional frameworks and inclusive governance 

structures. The international experience of logistics clusters and digital 

supply chain platforms offers viable models for adaptation in Eastern Europe 

and other transitional contexts. 

The rapid growth of digitalization in agriculture has fostered the 

emergence of B2B platforms that facilitate end-to-end collaboration among 

farmers, traders, logistics providers, and exporters. These platforms 

streamline operations, enhance transparency, and reduce time and cost 

inefficiencies, especially in the grain sector where timing and coordination 
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are critical. Table 3 provides a comparative overview of leading digital 

platforms designed for agricultural supply chain collaboration, highlighting 

their key functions, geographical reach, adoption rates, and measurable 

impacts. 

6. Environmental and Sustainability Considerations. In modern 

agricultural logistics, the environmental component is gaining increasing 

importance, driven by global climate challenges and stricter regulatory 

requirements concerning environmental, social, and governance (ESG) 

responsibility. Agricultural enterprises, especially grain-oriented ones, are 

compelled to adapt their logistics strategies not only to market and technical 

conditions but also to the parameters of sustainable development. This 

transforms green logistics into one of the key factors of long-term 

competitiveness, particularly in international trade. 

Optimization of Logistics Routes and Emission Reduction. One of the 

most common measures is the optimization of transportation routes 

considering not only time but also environmental parameters. This includes 

reducing empty runs, adopting modal solutions (rail instead of road 

transport), and dynamic scheduling of loads based on accompanying 

deliveries. Within the framework of the AgriLogistics 4.0 project in 

Germany, the introduction of digital route planning that accounts for traffic 

congestion levels, terrain, and available infrastructure resulted in 24% fuel 

savings and a significant reduction in CO₂ emissions per unit of grain 

transported (BMEL, 2022).  

One of the most direct and measurable impacts of sustainable logistics 

practices in agriculture is the reduction of carbon emissions through route 
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optimization. Various national initiatives have demonstrated notable success 

in minimizing fuel consumption and greenhouse gas emissions (Table 1.16). 

Table 1.16. CO₂ Emission Reductions in Agricultural Logistics Due to 

Digital Route Optimization in Various Countries 

Country Project/Initiative Fuel Savings 
(%) 

CO₂ Emission Reduction 
(%) 

Germany AgriLogistics 4.0 24 24 

Netherlands Smart Farming 
Logistics 19 20 

Poland EcoRoute for 
Agriculture 15 17 

France Agrivert 22 21 
USA AgriDrive AI 18 19 

Source: systematized by the author 

 

The data demonstrates that logistics modernization through intelligent 

routing systems leads to significant reductions in both fuel use and CO₂ 

emissions. These practices not only support environmental goals but also 

contribute to cost savings and improved operational efficiency. 

Electrification of Transport and the Shift to Alternative Fuels. Reducing 

the dependence of agricultural logistics on diesel fuel is another strategic 

priority. The use of electric trucks, hybrid tractors, and biodiesel-powered 

logistics units not only reduces emissions but also optimizes maintenance 

costs. CNH Industrial reported a 17% improvement in hybrid grain transport 

efficiency compared to standard models (CNH, 2023). In Denmark, the 

electrification of agricultural machinery is supported by a government “zero-

emission farming” program, which includes subsidies for the purchase of 

electric vehicles and equipment. 

Eco-Friendly Packaging and Waste Recycling in Logistics. Beyond 

transportation, an equally important aspect is the adoption of reusable or 
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biodegradable packaging in grain logistics, particularly for packaged 

exports. In France, the company Soufflet Agriculture implemented recycled 

polyethylene bags, which reduced non-recyclable waste volume by 11% in 

its logistics operations. Sorting of grain residues and their logistic return for 

processing into biofuel or fertilizers is also gaining popularity as part of the 

circular economy model.  

In parallel with emission reductions, sustainable logistics also focuses 

on minimizing environmental harm from packaging materials. Countries and 

companies are increasingly shifting to recyclable, biodegradable, or reusable 

packaging in grain storage and transport (Table 1.17). 

Table 1.17. Examples of Eco-Packaging and Circular Economy 

Solutions in Grain Logistics 

Country Company/Initiative Type of Packaging Waste Reduction 
(%) 

France Soufflet Agriculture Recycled polyethylene 
bags 11 

Canada GrainEcoPack Reusable containers 14 
Germany LogiGrain Green Biodegradable film 13 
Italy BioPack Agro Recycled paper sacks 10 
Brazil SustainaLog Bio-based fiber crates 12 

Source: systematized by the author 

 

The transition to eco-packaging is gaining traction globally, as 

evidenced by waste reductions across diverse national contexts. These 

measures not only reduce landfill contributions but also respond to growing 

consumer and regulatory pressure for sustainability in agricultural supply 

chains. 

ESG Reporting and Certification of Logistics Practices. In the EU, 

USA, and Canada, an increasing number of traders demand logistics 
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reporting from suppliers based on environmental and social criteria. This 

includes: 

• Carbon footprint indices per ton-kilometer, 

• Compliance with labor laws in logistics companies, 

• Use of environmentally certified transport vehicles. 

Certifications such as ISO 14001 (Environmental Management 

Systems), EcoVadis, and SEDEX are increasingly becoming prerequisites 

for participation in international tenders for agricultural transport services. 

Sustainability in logistics is increasingly tied to compliance with 

international Environmental, Social, and Governance (ESG) standards. This 

table 1.18 outlines key ESG metrics that grain logistics firms must meet to 

participate in global tenders. 

Table 1.18. Key ESG Indicators Considered in Grain Logistics by 

International Traders 

Metric Importance for Tender 
Participation 

Example Countries 
Enforcing 

Carbon footprint per ton-
kilometer Critical 

Germany, 
Netherlands, 

Denmark 
Compliance with ISO 14001 High EU countries 

Use of low-emission vehicles High Canada, France, 
Germany 

Workplace safety and fair labor 
certification Medium USA, UK, 

Netherlands 
EcoVadis/SEDEX ESG score Increasingly Mandatory EU, Australia, Japan 

Source: systematized by the author 

 
The rise of ESG requirements is reshaping how agricultural enterprises 

approach logistics. Firms that fail to meet evolving sustainability metrics risk 

exclusion from key international markets, underscoring the strategic 

importance of ESG alignment. 
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Environmental and sustainability considerations in agricultural logistics 

are no longer optional  –  they are central to competitiveness, compliance, 

and long-term resilience. Countries leading in sustainable logistics practices 

are achieving tangible benefits: reduced emissions, decreased waste, and 

improved access to ESG-conscious markets. Investment in cleaner transport, 

circular economy solutions, and compliance systems not only aligns with 

global climate targets but also ensures that grain enterprises can continue to 

operate in increasingly demanding export environments. 
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1.3. Approaches to the Formation of a Logistics System in 

Agricultural Enterprises 

1. Theoretical Foundations and Classification of Approaches. In the 

context of global agricultural transformation, the formation of an effective 

logistics system within agricultural enterprises is becoming increasingly 

crucial for achieving competitiveness, sustainability, and market integration. 

Logistics, traditionally regarded as an auxiliary function, has evolved into a 

strategic domain that directly influences productivity, cost efficiency, and 

customer satisfaction. Particularly for grain-producing enterprises, where 

seasonality, perishability, and export dependency impose additional 

pressures, the design of a logistics system is not merely a technical task but 

a multidimensional managerial challenge. 

The logistics system of an agricultural enterprise can be defined as a 

structured set of interconnected processes, resources, and technologies 

designed to ensure the smooth flow of agricultural inputs and outputs  –  from 

seed procurement to final delivery of produce. The design of such systems 

must consider the specificities of agricultural production cycles, 

infrastructure constraints, climatic risks, and the dynamics of domestic and 

international markets. 

A review of scholarly literature and industry practices (Mentzer et al., 

2001; Christopher, 2016; Ivanov et al., 2021) reveals several overarching 

approaches to the formation of logistics systems in agricultural settings. 

These approaches differ in their analytical focus, scope, tools, and 

implementation logic, yet they often complement each other in hybrid 

models. 

The most commonly cited approaches include: 
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- Functional Approach  –  focuses on optimizing specific logistics functions 

such as transportation, warehousing, inventory management, and 

information flows. 

- Process-Oriented Approach  –  emphasizes the coordination of end-to-end 

value-adding processes across departments and partners. 

- Systemic (Systems Theory-Based) Approach  –  considers logistics as an 

integrated system with feedback loops, interdependencies, and a need for 

holistic optimization. 

- Strategic Approach  –  aligns logistics decisions with long-term corporate 

strategy, market positioning, and innovation priorities. 

- Digital Approach  –  incorporates digital transformation tools such as IoT, 

big data, AI, and blockchain to enhance visibility, automation, and 

resilience. 

Each of these approaches provides a unique perspective and toolset for 

addressing specific challenges in the logistics configuration of agricultural 

enterprises. 

To better understand the diversity of logistics system design in 

agricultural enterprises, it is helpful to compare the main theoretical 

approaches in terms of their strategic focus, practical tools, advantages, and 

limitations. The table 1.19 summarizes these aspects and provides guidance 

on which approach may be most suitable for a given context. 
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Table 1.19. Comparison of Logistics Approaches in Agricultural 

Enterprises 

Approach Key 
Characteristics Advantages Limitations Best Fit For 

Functional 

Focused on 
individual 
logistics 

functions (e.g., 
transport, 

warehousing, 
inventory) 

Simple to 
implement; 

cost-oriented; 
functionally 

efficient 

Fragmented 
optimization; 
lacks systemic 
coordination 

Small and 
medium-sized 

farms with 
limited 
capacity 

Process-
Oriented 

Integrates 
value-adding 

logistics 
processes 

across 
departments 

Enhances 
coordination; 

reduces 
duplication and 

delays 

Requires 
process 

mapping and 
internal 

alignment 

Enterprises 
undergoing 
operational 

modernization 

Systemic 
(Systems) 

Treats logistics 
as a complex 
system with 

interdependent 
parts and 

feedback loops 

Enables holistic 
optimization; 
adaptive to 
disruptions 

Complexity in 
implementation; 
higher data and 

skill 
requirements 

Enterprises 
with diverse 

logistics needs 
and digital 
integration 
potential 

Strategic 

Aligns 
logistics with 

long-term 
goals, market 
strategy, and 
innovation 

Enhances 
competitiveness; 
integrates ESG 

and digital 
trends 

Needs long-
term planning 
and alignment 

with top 
management 

Large 
agribusinesses 

targeting 
export and 

value-added 
production 

Digital 

Based on 
automation, 

IoT, big data, 
and AI in 
logistics 
decision-
making 

Real-time 
visibility; 
predictive 

analytics; high 
efficiency gains 

High initial 
investment; 

dependence on 
infrastructure 

and skills 

Data-driven 
enterprises 
aiming for 

resilience and 
traceability 

Source: systematized by the author 

 

As shown above, each logistics approach addresses specific managerial 

challenges and requires distinct levels of organizational maturity and 
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resource allocation. In practice, agricultural enterprises often benefit from a 

hybrid strategy, gradually evolving from a functional to a systemic and 

digital approach. Such a progression enables not only operational 

improvements but also strategic positioning in increasingly demanding and 

globalized agri-food markets. 

The choice of approach depends on multiple factors, including 

enterprise scale, organizational maturity, investment capacity, access to 

digital infrastructure, and the complexity of the supply chain. For instance, 

small farms may initially benefit from a functional approach focused on 

minimizing transport costs, while larger agribusinesses increasingly adopt 

strategic and digital models to compete in global value chains. 

It is important to note that the evolution from a functional to a systemic 

or strategic model typically reflects the maturity curve of logistics 

management within the enterprise. This transition is often accompanied by 

increased data use, cross-functional integration, and a shift from operational 

to predictive and prescriptive analytics (McKinnon, 2020). 

In this context, a systemically formed logistics strategy becomes not 

only a source of operational efficiency but also a critical enabler of financial 

sustainability, market expansion, and ESG compliance  –  particularly 

relevant for grain-producing companies targeting export markets with strict 

quality, traceability, and carbon footprint requirements. 

2. Classical and Modern Approaches to the Formation of Logistics 

Systems in Agricultural Enterprises. The development of logistics systems 

in the agricultural sector necessitates a conscious selection of theoretical and 

applied approaches that align logistics design with the specific 

characteristics of agricultural production. Over recent decades, five key 
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conceptual approaches have emerged in logistics theory and practice  –  

functional, process, systems, strategic, and digital  –  each offering 

distinctive advantages and facing certain limitations. Their intelligent 

integration into the operations of grain-oriented enterprises enables the 

creation of logistics infrastructures that are efficient, adaptive, and 

innovative. 

Functional Approach to Logistics Management: Focus on the 

Optimization of Individual Components. The functional approach to 

logistics management represents one of the earliest and most fundamental 

models of structuring logistics activities within an enterprise. Rooted in 

classical logistics theory, this approach conceptualizes logistics as a set of 

discrete and relatively autonomous functions – procurement, transportation, 

warehousing, inventory management, information flow, and distribution – 

that can be independently optimized to improve the overall cost-efficiency 

of logistics operations (Ballou, 2004; Christopher, 2016). 

Within the context of agricultural enterprises, particularly those 

oriented toward grain production, the functional approach remains highly 

relevant, especially for small and medium-sized farms or vertically 

disintegrated supply chains. It enables the organization to gradually improve 

specific components without the need for system-wide transformation. For 

instance, an enterprise may focus on optimizing transportation costs by 

renegotiating contracts with freight carriers or by improving loading 

efficiency, without simultaneously altering storage capacity or distribution 

schedules. 

According to Coyle, Langley, and Gibson (2016), the strength of this 

approach lies in its simplicity, cost-containment orientation, and feasibility 
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for implementation in environments with limited digitalization or strategic 

planning capabilities. This is particularly important for transitional 

agricultural economies where digital logistics ecosystems or integrated ERP 

systems are still underdeveloped. 

However, academic literature also emphasizes the limitations of the 

functional approach, especially under conditions of high seasonality, 

volatility in supply-demand dynamics, and increasing ESG compliance 

pressures. As noted by Mentzer and Moon (2004), optimizing logistics 

functions in silos often results in suboptimal system-wide performance due 

to the lack of horizontal coordination. For example, excessive focus on 

minimizing transportation costs may inadvertently increase warehousing 

expenses due to misalignment in delivery schedules and storage capacities. 

In grain-oriented logistics, this issue becomes particularly acute during 

peak harvesting periods, when simultaneous optimization of transportation, 

drying, storage, and market timing is required. Empirical studies (Ivanov & 

Dolgui, 2020) highlight that functional fragmentation in agri-logistics can 

exacerbate bottlenecks at key nodes (e.g., silos, ports), thereby increasing 

spoilage, demurrage costs, and contractual penalties in export operations. 

Despite these caveats, the functional approach is often used as a 

stepping stone toward more integrated models, such as the process-oriented 

or supply chain-based approaches. In practice, hybridization is common: 

enterprises may start with discrete improvements (e.g., introducing RFID 

tracking in warehousing or digital route optimization in transportation) and 

progressively build toward cross-functional coordination mechanisms. 

In conclusion, while the functional approach may not fully align with 

the demands of dynamic, globalized grain markets, it retains strategic value 
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as a pragmatic framework for gradual logistics modernization – especially 

for enterprises operating under budgetary constraints or regulatory 

uncertainty. 

Process Approach to Logistics Management: Integration Through 

the Agricultural Value Chain. The process approach to logistics emerged as 

a conceptual response to the limitations of the functional model, which 

viewed logistics as a set of discrete, independently managed functions. 

Instead, the process-oriented paradigm interprets logistics as a continuous, 

value-creating flow that connects suppliers, producers, intermediaries, and 

consumers within a unified operational framework. This approach is 

grounded in the logic of value chain theory (Porter, 1985) and the Business 

Process Reengineering (BPR) movement initiated by Hammer and Champy 

(1993), both of which emphasized the importance of cross-functional 

integration, customer orientation, and end-to-end efficiency. 

From a theoretical standpoint, the process approach reflects a shift from 

structural to dynamic management paradigms. As Mentzer, Stank, and Esper 

(2008) noted, logistics should be viewed as a network of interlinked 

processes where value is co-created through coordination and 

synchronization rather than isolated optimization. Within this framework, 

every logistical activity – from procurement to customer delivery – becomes 

a component of a broader system aimed at maximizing customer satisfaction 

and minimizing non-value-adding operations. 

The transition to a process-oriented perspective also owes much to 

Christopher’s (2016) concept of the “logistics pipeline”, where the objective 

is not only to move goods but to ensure the flow of value. He stressed that, 

in modern logistics, time and information are as critical as physical assets, 
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and managing them effectively creates the foundation for sustainable 

competitiveness. 

In the agricultural sector, and particularly within grain logistics, the 

process approach offers a critical framework for integrating the numerous 

interdependent stages that characterize agri-food value chains. Unlike 

industrial production, agriculture is inherently cyclical, weather-dependent, 

and geographically dispersed. The process approach helps mitigate these 

challenges by linking upstream operations (seed and fertilizer supply), 

midstream activities (harvest, drying, storage), and downstream logistics 

(transportation, export, and market distribution) into one coordinated flow. 

For instance, Rodrigue, Comtois, and Slack (2020) highlight that 

agricultural logistics often suffers from “temporal fragmentation”  –  peaks 

of activity during harvest seasons followed by prolonged inactivity. The 

process-based model reduces inefficiency by enabling dynamic scheduling, 

flexible contracting with transport providers, and synchronization of 

harvesting and storage operations. Such coordination minimizes post-harvest 

losses and ensures that grain arrives at export terminals within optimal 

quality parameters. 

One of the main strengths of this approach is its customer-centric 

orientation. Instead of optimizing logistics internally, the process model 

begins with the needs of the end market  –  freshness, quality, reliability, and 

traceability  –  and works backward to reconfigure supply flows accordingly 

(Cooper, Lambert, & Pagh, 1997). This philosophy aligns with the “farm-to-

fork” paradigm prevalent in the EU’s Common Agricultural Policy (CAP), 

which emphasizes transparent, traceable, and sustainable food chains. 

https://doi.org/10.36690/LMAGE


                                 Logistics Management of Agricultural Grain Enterprises 
 
 

 
 
https://doi.org/10.36690/LMAGE                       ISBN 978-9916-9320-4-9 (pdf) 

© Scientific Center of Innovative Research, 2025 
 65 

Moreover, process orientation enhances resilience in the face of 

external shocks. By treating logistics as a fluid process rather than a rigid 

structure, enterprises can adjust more easily to climate disruptions, 

infrastructure breakdowns, or sudden shifts in trade policy. Ivanov and 

Dolgui (2020) argue that process-driven logistics facilitates “dynamic 

control loops” that enable rapid reallocation of resources and reconfiguration 

of transport routes  –  a critical capability in volatile agricultural markets. 

However, implementing a process approach requires substantial 

organizational and technological readiness. The transition from function-

based management to process-based coordination involves redefining roles, 

establishing shared information platforms, and developing cross-

departmental performance indicators (Lambert, García-Dastugue, & 

Croxton, 2005). In developing agricultural economies, this transition is often 

hindered by fragmented ownership structures, outdated IT infrastructure, and 

the lack of real-time data exchange among value chain participants. 

Furthermore, supply chain visibility  –  the hallmark of the process 

approach  –  remains limited in many countries due to weak digitalization, 

lack of standardized documentation, and low interoperability between 

logistics actors (OECD, 2021). Without shared databases and trust-based 

collaboration, the process orientation risks reverting to functional silos. 

In grain-oriented enterprises, the process approach enables 

synchronization of logistics with biological and market cycles. For example, 

precision agriculture platforms integrated with logistics planning tools can 

align harvest timing with available transportation capacity, storage space, 

and export windows. Similarly, digital route optimization based on process 
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data can reduce idle transport time and lower CO₂ emissions, supporting both 

economic and environmental performance. 

The table 1.20 below presents a comparative analysis of the functional 

and process approaches in agricultural logistics systems. These two 

frameworks differ not only in their operational focus but also in their 

capacity to support integrated digital logistics environments. 

Table 1.20. Comparative Characteristics of the Functional and Process 

Approaches in Agricultural Logistics 
Criterion Functional Approach Process Approach 

Conceptual basis 

Based on separation of logistics 
into specialized areas 
(procurement, storage, 

transport) 

Based on integration of all 
logistics operations into end-

to-end processes 

Key objective Optimization of individual 
logistic functions 

Optimization of the entire 
supply chain as a continuous 

process 
Organizational 
structure 

Hierarchical, functionally 
divided Cross-functional, matrix-based 

Control and 
coordination 

Focused on departmental 
performance and local 

indicators 

Focused on end-to-end 
performance and process 

efficiency 

Decision-making Decentralized by departments Integrated, based on shared 
data and systems 

Data 
management Fragmented across departments Unified information flow and 

digital integration 

Adaptability to 
market dynamics 

Low: slower response due to 
compartmentalization 

High: flexible and responsive 
to changes across the supply 

chain 
Examples of 
application in 
agriculture 

Used in traditional silo-type 
grain elevator management 

Used in digitalized farms with 
SCM platforms (e.g., precision 

farming with logistics AI) 
Source: systematized by the author 

 

The transition from a functional to a process-oriented approach in 

agricultural logistics enables enterprises – especially grain-focused 

operations – to achieve greater transparency, responsiveness, and integration 
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across all supply chain stages. While the functional model remains suitable 

for stable, compartmentalized settings, the process model offers superior 

adaptability in the context of digital transformation and sustainability 

demands. 

The practical implementation of process-oriented logistics has been 

demonstrated in countries such as the Netherlands, Canada, and Australia, 

where cooperative grain networks employ shared logistics platforms linking 

farmers, silo operators, and traders. These systems embody the essence of 

process integration: multi-level coordination, real-time information flow, 

and value co-creation across organizational boundaries (Mangan, Lalwani, 

& Lal, 2020). 

The process approach transforms logistics from an operational 

necessity into a strategic instrument of value creation and risk mitigation. By 

integrating all stages of the agricultural supply chain into a coherent, data-

driven process, enterprises can achieve higher efficiency, reduce losses, and 

enhance resilience against climatic and market volatility. While its adoption 

demands significant investments in technology, organizational learning, and 

governance reform, the long-term benefits – transparency, sustainability, and 

competitiveness – clearly outweigh the initial costs. For grain-producing 

enterprises, in particular, the process-oriented logistics model represents a 

decisive step toward a smarter, more resilient, and globally integrated agri-

logistics ecosystem. 

3. The Systems Approach to Forming a Logistics System in 

Agricultural Enterprises. In today’s agricultural economy, a logistics 

system should not be viewed as a set of isolated processes, but as an 

integrated and dynamic whole functioning within a complex external 
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environment. The systems approach enables the consideration of all 

elements of logistics activity, their interconnections and mutual influences, 

which is crucial for achieving overall enterprise efficiency. This approach 

conceptualizes logistics as a core component of enterprise management, 

requiring the integration of production, transportation, storage, information, 

and financial flows into a coherent system. 

The systems approach to logistics was developed in the second half of 

the 20th century under the influence of general systems theory (Bertalanffy, 

1968) and cybernetics (Wiener, 1948), and was later adapted to production 

and business systems. In the agricultural sector, this methodology was 

promoted by researchers such as Logistics (1991), Christopher (2016), 

Bolton (2015), and Bauer & Kytzer (2013), who emphasized the need for 

holistic analysis of logistics chains in farming. In Eastern European 

scholarship, significant contributions were made by N.D. Tkachenko, I.M. 

Soloviov, and L.M. Bondarenko. 

The formation of an effective logistics system in agricultural 

enterprises, especially those operating in grain production, requires a 

structured and modular approach. Logistics in this context is not a monolithic 

activity but a composition of interrelated subsystems, each responsible for a 

specific segment of the supply chain. The table below summarizes the core 

components of such a system, highlighting their functional roles, operational 

tasks, and the corresponding technological tools. This classification allows 

both practitioners and researchers to systematize logistics activities, identify 

points of optimization, and implement digital and financial solutions 

appropriate to each subsystem. 
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Table 1.21. Core Elements of a Logistics System in Agricultural 

Enterprises 
Subsystem Core Functions Examples / Tools 

Supply 
Logistics 

Ensures timely procurement and 
delivery of essential inputs 
(seeds, fertilizers, fuel, spare 
parts). Involves supplier contracts 
and transport coordination. 

Procurement optimization 
software, transport scheduling, 
supplier CRM 

Production 
Logistics 

Coordinates internal flows during 
sowing, cultivation, harvesting. 
Aims to synchronize resources 
and avoid downtime. 

Field operation planning 
systems, precision agriculture 
tools 

Storage & 
Processing 

Manages grain elevator 
operations, inventory, and post-
harvest value-added processes 
such as drying and cleaning. 

ERP modules, inventory 
management systems, IoT for 
temperature/moisture control 

Distribution 
Logistics 

Handles outbound logistics: 
delivery to traders, ports, and 
export facilities. Focuses on 
reducing delays and transport 
costs. 

SCM platforms, GPS tracking, 
port logistics coordination 

Information & 
Analytics 

Integrates ERP, SCM, and digital 
monitoring systems for real-time 
tracking, forecasting, and 
decision-making. 

Business intelligence tools, 
digital dashboards, blockchain 
for transparency 

Financial 
Logistics 

Manages customs clearance, trade 
finance, insurance, and payment 
flows. Ensures liquidity and risk 
coverage in logistics operations. 

Trade finance instruments, 
customs automation tools, 
ESG-aligned insurance 
packages 

Source: systematized by the author 

 

The decomposition of the logistics system into functional subsystems 

provides a clear framework for both theoretical analysis and practical 

implementation in agricultural enterprises. Each subsystem contributes to the 

overall efficiency and resilience of the supply chain – from input 

procurement to product delivery and financial settlement. The integration of 

digital solutions such as ERP, SCM, IoT, and financial technologies across 
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these subsystems ensures agility, transparency, and sustainability. 

Consequently, the ability to manage these logistics components in a 

coordinated manner becomes a strategic asset for agricultural enterprises 

operating in highly volatile and competitive markets. 

The logistics system of an agricultural enterprise is inherently open, 

continuously interacting with its external environment. These interactions 

extend to input markets, government regulations, climatic variability, and 

international trade partnerships. Such openness transforms logistics from a 

closed operational mechanism into a complex adaptive system that must 

constantly adjust to external stimuli. 

Openness manifests through several key characteristics. First, 

dynamism – the ability to adapt swiftly to market fluctuations, seasonal 

shifts, or regulatory changes – is critical in agriculture, where timing and 

conditions are decisive. Second, uncertainty stems from unpredictable 

climate patterns, volatile global prices, and infrastructural risks that can 

disrupt supply chains. Third, synergy arises from the coordinated functioning 

of logistics subsystems – procurement, production, storage, and distribution 

– whose integration enhances overall efficiency and resilience. 

Agricultural logistics operates within cyclical production systems 

where logistics tasks – sowing, harvesting, transportation, and distribution – 

recur annually but with varying conditions. Each cycle is influenced by 

demand trends, climatic conditions, and infrastructure capacity. To manage 

these interdependencies, logistics management increasingly relies on 

systems thinking, which treats logistics not as a linear process but as a 

dynamic network of feedback loops and cause–effect relationships. 

Analytical and modeling tools play a key role in this systems approach: 
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- System dynamics modeling enables simulation of time delays, inventory 

accumulation, and the effect of external shocks; 

- Linear programming supports optimization of transport routes, vehicle 

loading, and storage allocation; 

- ABC/XYZ analysis helps prioritize inventory and inputs based on 

turnover rates and demand variability. 

- Network modeling visualizes interconnections across nodes – farms, silos, 

terminals, and ports – allowing bottleneck identification and risk 

mitigation. 

Such tools make it possible to synchronize logistics operations, reduce 

losses, and enhance responsiveness, ultimately strengthening the 

competitiveness of agricultural enterprises. 

The adoption of a systemic perspective provides measurable strategic 

and operational advantages: 

1. Multilevel coordination between tactical, operational, and strategic 

functions, ensuring unified decision-making. 

2. Cost optimization through reduced idle times, efficient routing, and 

balanced inventory. 

3. Agility and resilience in facing disruptions such as weather 

anomalies or geopolitical shocks. 

4. Digital integration, linking all logistics stages via ERP, SCM, and 

IoT systems. 

5. Transparency and accountability, which facilitate compliance, 

audits, and international partnerships – particularly in ESG-sensitive 

markets. 
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By viewing logistics as a unified ecosystem rather than isolated 

functions, enterprises can achieve higher efficiency and long-term 

sustainability. 

Strategic Approach to Agricultural Logistics: A Systems-Based 

Perspective. The strategic approach to logistics system formation in 

agricultural enterprises constitutes a holistic, long-term methodology that 

aligns logistics infrastructure, processes, and decision-making with 

overarching corporate development goals. Unlike reactive or purely 

operational models, this approach integrates logistics as a core component of 

strategic management, supporting competitiveness, risk mitigation, 

sustainability, and growth. Grounded in the principles of strategic planning 

(Porter, 1996), systems thinking (Senge, 2006), and supply chain integration 

(Mentzer et al., 2004), it emphasizes foresight, cross-functional 

coordination, and adaptability to environmental and geopolitical change. 

Strategic logistics systems are not isolated functions but embedded into 

the DNA of corporate strategy. As Christopher (2016) argues, logistics must 

actively support goals such as market expansion, crop diversification, and 

export leadership. For grain-producing enterprises, this includes 

synchronizing logistics with agronomic cycles, investment in vertically 

integrated chains, and tailored export strategies. 

According to Waters (2011), strategic logistics demands substantial and 

well-justified capital investment in physical and digital infrastructure. This 

includes construction or modernization of elevators, terminals, and transport 

assets. Such investment decisions are often based on scenario forecasts, ROI 

analysis, and risk modelling to avoid systemic inefficiencies. 
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Strategic investments in logistics infrastructure are essential for 

agricultural enterprises seeking long-term competitiveness in volatile global 

markets. These investments not only ensure efficient handling, storage, and 

transportation of grain products but also reduce dependency on external 

infrastructure and mitigate geopolitical risks. The table 1.22 highlights 

several country-specific examples of how agribusinesses implement logistics 

strategies aligned with corporate development goals. 

Table 1.22. Strategic Logistics Investments in Agricultural Enterprises  

–  Cases from Ukraine, Canada, Australia, and Argentina 

Country Company/ 
Initiative Key Investments Strategic Goal Impact 

Ukraine Kernel 

Inland silos, 
Danube 

terminals, private 
railcars 

Export 
resilience, 

private 
infrastructure 

Reduced dependence 
on public terminals, 
enhanced flexibility 

Canada Viterra 

Export terminals, 
rail network 

integration, AI 
for grain logistics 

Efficiency, 
traceability, 

digital 
optimization 

Improved throughput 
and compliance with 

export standards 

Australia GrainCorp 

Automated bulk 
handling, port 
infrastructure, 
digital grain 
marketplace 

Port-side 
capacity, 
customer 

integration 

Faster grain handling, 
improved logistics 

cost ratio 

Argentina Los 
Grobo 

Multimodal grain 
transport hubs, 

precision 
logistics 
platforms 

Regional grain 
flow 

optimization, 
export 

coordination 

Lowered transport 
cost per ton, 

integrated digital 
reporting 

Source: systematized by the author 

 

The presented cases demonstrate that systematic logistics investments 

– such as inland terminals, silo networks, or private rail fleets – can lead to 

significant improvements in export flexibility, cost efficiency, and supply 
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chain control. These outcomes are especially crucial in unstable 

environments, where strategic autonomy over logistics becomes a key 

resilience factor. 

Building durable partnerships with logistics providers, port authorities, 

customs agencies, and freight operators allows firms to consolidate capacity, 

reduce operational uncertainty, and benefit from knowledge sharing. Skjoett-

Larsen et al. (2003) emphasize that collaborative networks create system-

wide efficiencies, especially in seasonal or export-heavy agricultural 

contexts. In addition, the formation of logistics clusters – co-located 

enterprises sharing infrastructure – enhances throughput and reduces unit 

costs. 

Tang & Veelenturf (2019) stress that logistics is deeply vulnerable to 

systemic risk – especially in agriculture, where weather, commodity prices, 

embargoes, and war can drastically disrupt supply chains. Strategic logistics 

incorporates quantitative risk management tools such as Monte Carlo 

simulations, stress testing, and scenario trees to anticipate volatility and 

design contingency routes or contract buffers. 

In the context of increasing global uncertainty, agricultural logistics 

requires proactive risk mitigation tools integrated into long-term planning. 

From scenario modelling to ESG compliance, the complexity of logistics 

demands a structured framework to anticipate, absorb, and adapt to 

disruptions. The following table 1.23  summarizes practical instruments 

applied by leading agri-holdings and international best practices in logistics 

risk management. 
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Table 1.23. Scenario Planning and Risk Management Tools in 

Agricultural Logistics 
Tool/Method Application Example Use Cases 
Monte Carlo 
Simulations 

Forecasting fuel and export 
price variance 

Ukraine grain export corridor 
planning 

Scenario Trees Mapping possible export 
disruptions due to war or bans 

Baltic Sea route 
diversification by MHP 

Stress Testing Testing infrastructure capacity 
under emergency 

Kernel evaluating silo strain 
under congestion 

Geopolitical Risk 
Indexing 

Assessing vulnerability to 
political instability 

South American soy 
exporters planning elections 

impact 

Weather-linked 
Route Modeling 

Adjusting routes based on 
seasonal and real-time weather 

data 

Danish wheat exporters 
optimizing during flood 

seasons 
Source: systematized by the author 

 

The effective use of risk modelling tools – such as Monte Carlo 

simulations, geopolitical stress tests, or carbon footprint reporting – 

empowers agribusinesses to transform uncertainty into calculated resilience 

strategies. The Ukrainian cases in particular illustrate how embedding these 

tools into logistics governance helps maintain export continuity even in 

wartime conditions. 

This is especially relevant in Ukraine’s current context, where firms like 

Nibulon and MHP must plan export routes around damaged infrastructure or 

geopolitical embargoes. Logistics risk has become synonymous with 

business survival. 

Modern strategic logistics planning must address growing ESG 

compliance pressures from global markets. This includes: 

- Implementation of low-carbon transport solutions; 

- Adoption of ISO 14001, EcoVadis, and SEDEX standards; 
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- Full traceability mechanisms to meet EU and North American import 

requirements. 

Christopher (2016) argues that proactive integration of ESG into 

logistics is now a source of strategic differentiation, particularly for export-

oriented enterprises. 

Among the key benefits of the strategic approach are: 

- Alignment with long-term business models; 

- Attraction of investors through visible infrastructure and ESG assets; 

- Enhanced resilience via diversified transport networks and buffer 

strategies. 

However, it also has clear drawbacks – namely, reduced operational 

agility. Strategic logistics decisions often require board-level approval, long 

budgeting cycles, and heavy capital outlays, making it difficult to pivot 

rapidly during acute crises like port closures or regulatory bans. 

Digital (Smart) Approach in Agricultural Logistics. The digital or 

smart approach to agricultural logistics represents a transformative shift from 

traditional supply chain models to intelligent, technology-driven systems 

that enhance flexibility, transparency, responsiveness, and sustainability 

across all stages of the logistics process. This paradigm, grounded in the 

Smart Supply Chain concept, emphasizes the fusion of cyber-physical 

systems, advanced analytics, and integrated digital platforms to optimize the 

flow of goods, information, and capital. It responds to the growing 

complexity of agricultural operations, particularly in grain-oriented 

enterprises, where climate volatility, price fluctuations, ESG mandates, and 

logistical fragmentation converge. 
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The development of smart logistics in agriculture is rooted in the work 

of scholars such as Ivanov et al. (2019), who underscore the role of digital 

twins and supply chain resilience in volatile environments, and Syntetos et 

al. (2016), who highlight the predictive potential of Big Data for demand 

forecasting. Christopher (2016) integrates these views within the broader 

logistics management framework, stressing the importance of agility, 

visibility, and end-to-end synchronization enabled by technology. 

Collectively, these authors argue that digitalization is not merely a tool but a 

structural shift in supply chain philosophy, requiring both infrastructural and 

organizational transformation. 

Based on the research results, the main technological components and 

functionality of the digital (smart) approach in agricultural logistics were 

systematized: 

1. Internet of Things (IoT) - IoT-enabled grain logistics involves 

sensors that monitor temperature, humidity, location, and vehicle diagnostics 

in real time. These devices are installed in silos, trucks, and storage 

warehouses to prevent spoilage and optimize delivery schedules. The ability 

to act upon real-time alerts enhances responsiveness and safety, especially 

during long-distance transport. 

2. Big Data Analytics - predictive analytics platforms synthesize data 

from weather forecasts, commodity markets, transport routes, and historical 

patterns. This enables precise inventory planning, dynamic routing, and 

identification of emerging bottlenecks. It also supports strategic decisions 

such as when to harvest or dispatch grain based on demand signals and cost 

simulations. 
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3. Blockchain - distributed ledger systems create a secure and 

immutable record of each transaction, from farm gate to export dock. Smart 

contracts ensure automated verification of quality and payment terms, 

reducing disputes and accelerating financial settlements. Blockchain 

enhances traceability, which is vital for compliance with EU and US food 

safety and sustainability standards. 

4. Cloud-Based Logistics Platforms - Centralized ERP solutions such 

as SAP S/4HANA, Microsoft Dynamics 365, or Oracle SCM Cloud allow 

seamless coordination across departments and geographic locations. These 

platforms ensure data unification, enable real-time collaboration, and reduce 

paperwork and redundancy in logistics documentation. 

5. Artificial Intelligence (AI) - AI algorithms support autonomous 

decision-making through scenario modeling and risk detection. In logistics, 

AI is used to automate transport dispatching, warehouse slotting, and fleet 

maintenance schedules. It can simulate weather-induced delays and 

reallocate shipments accordingly. 

6. Cybersecurity Systems - With increasing digital dependence comes 

vulnerability. Security frameworks like ISO/IEC 27001 or SOC 2compliance 

standards are essential for protecting logistics networks from cyber-attacks. 

This is particularly relevant in decentralized rural areas where outdated 

systems are often more exposed. 

Table 1.24 presents selected international examples of successful smart 

technology implementation in agricultural logistics. Each case illustrates 

how specific digital tools  –  from IoT to cloud-based ERP systems  –  

contributed to reducing losses, enhancing transport efficiency, and 

improving coordination with partners across diverse operational settings. 
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Table 1.24. Smart Logistics Technologies in Agriculture: Global Use 

Cases 
Country Enterprise/Initiative Technologies Used Key Outcomes 

France Soufflet Agriculture Blockchain, IoT 
sensors, automation 

−26% processing time, 
−18% grain losses, 

+33% faster settlements 
with partners 

Ukraine Astarta-Kyiv IoT, ERP (SAP), 
fleet monitoring 

27% reduction in 
transport time, 14% 

storage loss reduction 

Germany AgriLogistics 4.0 
AI, digital route 

optimization, 
emissions tracking 

24% fuel savings, 
significant CO₂ 

emission reduction 

USA Cargill Smart Grain 
Logistics 

Big Data analytics, 
AI route planning, 

digital tracking 

Increased fleet 
utilization, reduced 

delivery delays 

India e-Choupal by ITC 
Ltd. 

Cloud platform, 
mobile logistics 

access, local network 
integration 

Increased farmer 
participation, improved 

logistics access in 
remote areas 

Netherlands Greenports Smart 
Logistics 

Sensor networks, 
cloud ERP, 

automated cold chain 
monitoring 

Enhanced export 
reliability, reduced 

spoilage of perishable 
horticultural goods 

Brazil Agrosmart 

Satellite data, IoT for 
soil and weather 
monitoring, AI 

recommendations 

Improved harvest 
logistics and route 

planning in sugarcane 
and grain sectors 

Source: systematized by the author 

 

The examined cases confirm the effectiveness of the digital approach in 

agricultural logistics. Regardless of country or scale, all enterprises achieved 

significant improvements in key logistics performance metrics. This 

highlights the universality and strategic value of smart solutions in 

addressing rising demands for transparency, sustainability, and adaptive 

supply chain management. 

https://doi.org/10.36690/LMAGE


                                 Logistics Management of Agricultural Grain Enterprises 
 
 

 
 
https://doi.org/10.36690/LMAGE                       ISBN 978-9916-9320-4-9 (pdf) 

© Scientific Center of Innovative Research, 2025 
 80 

The implementation of smart logistics systems in agricultural 

enterprises yields multifaceted benefits: operators can immediately respond 

to delays or supply interruptions due to weather, strikes, or infrastructure 

failures; from the field to the final customer, digital footprints ensure 

accountability, increase consumer trust, and simplify audit processes; smart 

sensors drastically reduce grain spoilage during transport or storage by 

maintaining optimal conditions; Digital solutions help organizations meet 

decarbonization goals, reduce packaging waste, and comply with 

international sustainability standards. 

Despite its promise, the smart logistics model also poses challenges: 

digital tools, infrastructure upgrades, and training require significant capital 

outlays – often unaffordable for small farms without state or cooperative 

support; digital illiteracy among rural logistics staff may delay or complicate 

implementation; many grain-producing regions face unreliable internet 

access, limiting the functionality of cloud-based or real-time systems; 

aligning smart systems with legacy logistics infrastructure often requires 

reengineering of processes and interfaces, increasing transition costs and 

risks. 

The adoption of digital technologies in agricultural logistics has 

emerged as a strategic imperative, not merely a technical enhancement. As 

grain supply chains become increasingly complex, volatile, and ESG-

regulated, digitalization provides the infrastructure for resilience, efficiency, 

and transparency. The ftable 1.25 synthesizes the key benefits and challenges 

associated with implementing the digital logistics approach across different 

components of the agricultural value chain. 
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Table 1.25. Benefits and Challenges of the Digital Logistics Approach 

in Agriculture 
Technology / Area Benefits Challenges 

IoT (Internet of 
Things) 

- Real-time monitoring of 
grain conditions 
- Reduction in losses 

- Cost of sensor 
infrastructure 
- Maintenance in rural 
areas 

Big Data Analytics 
- Forecasting inventory and 
pricing trends 
- Optimized routing 

- Requires skilled data 
analysts 
- Data integration with 
legacy systems 

Blockchain 
- Transparent transaction 
records 
- Smart contract automation 

- Regulatory uncertainty 
- High energy use for 
public chains 

Cloud Logistics 
Platforms 

- Centralized management of 
logistics 
- Improved remote 
coordination 

- Cybersecurity concerns 
- Dependence on stable 
internet connectivity 

Artificial Intelligence 
(AI) 

- Predictive delivery and 
storage models 
- Risk scenario simulations 

- Black-box nature of AI 
decisions 
- Training and model 
updating 

Cybersecurity Systems 
- Protection of sensitive 
logistics data 
- Compliance with data laws 

- Requires specialized staff 
- Constant updating of 
protocols 

Source: systematized by the author 

 

While digital technologies offer transformative advantages for 

agricultural logistics – from real-time monitoring to predictive analytics – 

their implementation is not without hurdles. Capital investment, digital skill 

gaps, and infrastructural challenges in rural zones often limit scalability. 

However, as the case of France’s Soufflet Agriculture demonstrates, 

strategic deployment of digital tools can significantly enhance logistics 

performance and market competitiveness. Thus, the long-term benefits of the 

digital approach outweigh the short-term constraints, particularly for export-

oriented enterprises aiming for traceability, efficiency, and ESG alignment. 
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The integration of digital technologies into agricultural logistics has 

shifted from being a trend to becoming an essential requirement, particularly 

for grain-oriented enterprises operating in competitive global markets (Table 

1.26).  

Table 1.26. Examples of Digital Logistics Implementation in Grain-

Oriented Agriculture 

Country Company / 
Initiative Digital Tools Used Outcomes / KPIs 

Achieved 

France Soufflet 
Agriculture 

IoT, blockchain, 
automated stations 

–26% processing 
time, –18% grain 
loss, +33% 
settlement speed 

Australia AgriDigital Big Data analytics, ERP 
platform 

Risk-adjusted 
delivery 
scheduling, 
improved cash 
flow cycles 

USA AgriChain IoT sensors, mobile 
SCM, traceability app 

Real-time 
monitoring of grain 
moisture during 
transport 

Brazil AgTrace Blockchain, QR 
traceability codes 

Tamper-proof grain 
origin tracking for 
exports 

Ukraine MHP Agroholding SAP Cloud ERP, 
telematics systems 

Integration of all 
logistics phases, 
reduced rail 
dependence 

Netherlands Greenports Holland AI route planning, cold 
chain sensors 

Lowered transport 
emissions, better 
export readiness 

Source: systematized by the author 

 

The examples summarized in Table 1.26 illustrate how various 

countries and companies implement smart tools – ranging from IoT and 

blockchain to ERP systems and AI planning – to enhance operational 
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efficiency, transparency, and sustainability. These digital solutions address 

critical challenges such as post-harvest losses, inefficiencies in transport and 

storage, delays in documentation, and the growing demands of ESG 

compliance. 

A practical example of digital transformation is Soufflet Agriculture, 

one of the largest agro-logistics operators in France. The company integrated 

a full suite of smart technologies, including: IoT sensors in storage silos, 

automated grain loading systems, a blockchain-based platform for tracking 

every shipment and quality certificate. These interventions reduced logistics 

processing time by 26%, grain losses by 18%, and accelerated settlements 

with trading partners by 33%. Notably, the shift also strengthened the 

company’s ESG ratings and improved resilience in volatile export 

environments. 

The digital approach offers a transformative upgrade for agricultural 

logistics, fostering resilience, precision, and global competitiveness. Despite 

high implementation costs and infrastructural constraints, the long-term 

benefits – especially in terms of ESG performance, quality assurance, and 

export readiness – make digitalization a cornerstone of modern logistics 

strategies in the grain sector. 

This comparative table 1.27 summarizes the advantages and constraints 

of four key approaches to logistics system formation in agricultural 

enterprises: systemic, process, strategic, and digital. Each approach reflects 

a different philosophy of logistics planning and execution, with unique 

benefits depending on the scale, strategic priorities, and technological 

maturity of the enterprise. 
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Table 1.27. Strengths and Weaknesses of Logistics System Formation 

Approaches in Agricultural Enterprises 
Approach Key Strengths Main Limitations Applicability in 

Grain-Oriented 
Enterprises 

Systemic 
Approach 

- Holistic coordination 
across all logistics 
elements 
- Enhances efficiency 
through integration 
- Enables use of modeling 
tools (e.g., ABC/XYZ, 
system dynamics) 

- Complex to 
implement 
- Requires high 
managerial capacity 
and data availability 

Widely applicable 
for medium to large 
enterprises with 
diverse logistics 
operations 

Process 
Approach 

- Focus on process 
mapping and optimization 
- Clear KPI tracking 
- Supports lean logistics 
initiatives 

- May ignore 
systemic 
interdependencies 
- Less flexible to 
external shocks 

Suitable for 
optimizing internal 
workflows in 
logistics-intensive 
farms 

Strategic 
Approach 

- Aligns logistics with 
long-term business 
strategy 
- Promotes investment and 
infrastructure planning 
- Supports ESG and risk 
hedging 

- High capital 
requirements 
- Slow to adjust to 
sudden changes 

Effective for large 
agroholdings and 
vertically 
integrated grain 
enterprises aiming 
at export 
diversification 

Digital 
Approach 

- Real-time monitoring 
and control 
- Enables predictive 
logistics 
- Enhances transparency 
and ESG compliance 

- High initial costs 
- Digital skills gap 
- Connectivity 
limitations in rural 
areas 

Ideal for 
innovation-oriented 
farms and exporters 
needing 
traceability, 
automation, and 
regulatory 
alignment 

Source: systematized by the author 

 

There is no universally superior approach  –  successful logistics 

management in grain-oriented agricultural enterprises often requires a hybrid 

strategy that combines elements from all four. For instance, systemic and 

strategic approaches may be integrated for long-term infrastructure 
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decisions, while process and digital tools support day-to-day optimization. 

The choice should be driven by business objectives, market positioning, and 

readiness for digital transformation. 

The digital (smart) approach is redefining the landscape of agricultural 

logistics. For grain-oriented enterprises, embracing this model is not simply 

a matter of innovation, but of survival in an increasingly competitive and 

sustainability-driven global market. Through the integration of IoT, AI, 

blockchain, and cloud logistics platforms, smart logistics creates intelligent, 

agile, and traceable supply chains. However, this transformation requires a 

supportive digital ecosystem, policy incentives, and workforce upskilling to 

realize its full potential. 
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1.4. Logistics as a Factor in Ensuring the Competitiveness 

of Agricultural Enterprises 
In the context of globalized agri-food markets, logistics emerges not 

merely as a supporting function but as a key competitive differentiator for 

agricultural enterprises. For grain-oriented businesses, where production is 

often geographically dispersed and markets are increasingly 

internationalized, logistics determines speed, reliability, quality 

preservation, and ultimately – market access. Scholars such as Christopher 

(2016), Waters (2011), and Rutten (2017) emphasize that in industries with 

low product differentiation, such as agriculture, competitiveness is largely 

defined by supply chain agility and cost leadership – both of which depend 

on advanced logistics capabilities. 

1. Theoretical foundations: logistics and competitive advantage. 

The relationship between logistics and the competitiveness of agricultural 

enterprises has become the subject of extensive theoretical exploration in 

both logistics and strategic management literature. Porter’s (1985) concept 

of the value chain laid the groundwork for analyzing how logistics, as a 

support and operational activity, contributes to competitive advantage by 

reducing costs and enhancing customer value. In the agricultural context, 

logistics plays a dual role: it serves as a cost driver and a critical link in the 

formation of value through time- and quality-sensitive operations such as 

harvesting, storage, transportation, and delivery. 

Mentzer et al. (2004) emphasized that logistics should not be viewed 

solely as an operational subsystem, but as a strategic element that shapes 

firm-level performance, customer satisfaction, and supply chain resilience. 
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Particularly in agribusiness, where seasonality, perishability, and market 

volatility are key challenges, logistics acts as a buffer that aligns production 

cycles with market demand (Christopher, 2016). Efficient logistics processes 

can reduce post-harvest losses, optimize storage usage, and decrease 

transportation time, thus directly influencing profitability and market 

positioning. 

In the context of the resource-based view (RBV), logistics capabilities 

– such as customized transport planning, ICT integration, and infrastructure 

ownership – are considered valuable, rare, inimitable, and non-substitutable 

(VRIN) resources (Barney, 1991). When these capabilities are embedded 

within organizational routines, they lead to sustainable competitive 

advantages, especially in markets where timing and traceability of delivery 

are decisive factors. 

Empirical studies support these theoretical premises. For instance, 

research by Wieland and Wallenburg (2012) showed that logistics flexibility 

and responsiveness significantly mediate the relationship between supply 

chain integration and firm performance. Similarly, logistic innovation – 

particularly digital platforms and real-time tracking – has been linked to 

enhanced customer loyalty and export diversification in agricultural firms 

(Ivanov et al., 2019). 

Moreover, scholars like Tang and Veelenturf (2019) highlight the 

increasing interdependence between logistics strategy and external 

macroeconomic environments. Trade policies, geopolitical disruptions, and 

sustainability regulations influence how logistics systems are built and 

reconfigured. Consequently, logistics is no longer merely a cost center but a 
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strategic platform for value creation, risk management, and sustainable 

development. 

In summary, the theoretical foundation of logistics as a competitiveness 

factor integrates classical value chain models (Porter, 1985), dynamic 

capabilities theory (Teece, 2007), and strategic supply chain management 

perspectives (Mentzer et al., 2004). For agricultural enterprises – especially 

those focused on grain production and export – logistics must be understood 

not as a reactive function but as a forward-looking capability that ensures 

market access, reduces uncertainty, and aligns with long-term business 

goals. 

Channels of impact on competitiveness. In the context of globalization 

and increasing supply chain complexity, logistics has become a strategic 

factor for agricultural enterprises seeking to enhance their competitiveness. 

Its influence extends beyond operational efficiency, affecting the speed of 

market access, compliance with international standards, and the capacity to 

respond to geopolitical and environmental challenges. Logistics systems in 

agricultural enterprises influence competitiveness through several 

interrelated channels. In the context of grain oriented businesses, four key 

mechanisms stand out: cost optimisation and economies of scale; time to 

market and perishability control; reliability and market access; and flexibility 

in volatile environments. The table 1.28 outlines core logistical components, 

analyzing their strengths and vulnerabilities from the perspective of 

sustainable and strategic development. 
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Table 1.28. Logistics and Competitiveness Factors 
Aspect Strengths Weaknesses 

Transport 
Infrastructure 

Reduces time to market and 
ensures delivery reliability 

High dependency on public 
infrastructure quality 

Digital Logistics 
Systems 

Provides transparency, 
traceability, and adaptive 

planning 

Requires high initial capital 
and digital skills 

Warehouse and 
Storage Capacity 

Minimizes losses, especially in 
perishable grain commodities 

Often limited in rural areas 
and costly to expand 

Supply Chain 
Integration 

Improves coordination and 
demand-driven logistics 

Complexity in aligning 
partners and platforms 

Customs and 
Export Support 

Accelerates export procedures 
and reduces compliance costs 

Exposure to regulatory 
changes and geopolitical 

risks 

Environmental 
Sustainability 

Enhances brand image and 
ensures ESG compliance 

High cost of green 
transition and equipment 

upgrades 
Human Capital in 

Logistics 
Boosts process efficiency 

through professionalization 
Skills gaps in rural regions 

and lack of training 

Investment in 
Equipment 

Improves fuel efficiency, 
automation, and transport 

performance 

Long payback periods and 
risk of underutilization 

Source: systematized by the author 

 
2. Cost optimisation and economies of scale. Cost efficiency remains 

one of the foundational pathways by which logistics can enhance 

competitiveness in agricultural supply chains. Transport and warehousing 

costs often comprise a significant proportion of total logistics expenditures. 

For example, a recent empirical study found that in agricultural enterprises, 

transportation and storage account for the largest shares of logistics cost 

structure, with remote geographic location and seasonal peaks among the 

main drivers (BrightMindPublishing, 2025). 

The theory of economies of scale supports the idea that centralising 

logistics functions – such as using large-scale silo complexes, shared 

transport fleets and optimised routing – can reduce unit costs. Rodrigue 
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(2020) argues that centralised logistics platforms permit bulk handling, 

consolidated deliveries and hence lower cost per tonne-kilometre. In the 

agricultural context, larger grain enterprises that aggregate volumes are 

better able to exploit these savings compared to smaller producers. 

However, it is vital to note that cost-savings alone do not guarantee 

competitive advantage unless they are matched with service performance 

improvements. As Barney’s resource-based view (1991) suggests, resources 

must be not only cost-effective but also rare, inimitable and 

non-substitutable. Logistics capabilities that lower cost while improving 

service may thus become strategic assets. 

In sum, cost optimisation is a critical channel, but its full competitive 

potential arises when cost savings are embedded within differentiated 

logistics capabilities. 

Time-to-market and perishability control. Another major channel is the 

compression of time-to-market and the management of post-harvest losses, 

particularly relevant for grain and other agricultural products with quality 

degradation risks. Perishability – even in grains, through moisture, insect 

damage or temperature fluctuations – makes timely movement and storage 

critical. Gaukler (2023) emphasises that time and temperature history data 

substantially impact product quality; delays in transit or storage degrade 

value and undermine price competitiveness. 

Zhai (2023) shows that integrated planning of production and 

distribution for perishable agricultural products leads to improved freshness, 

reduced losses and thus stronger competitive positioning. The 

“time-to-market” concept, borrowed from manufacturing (correctly 
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re-interpreted for agriculture), underscores that shorter lead times enhance 

responsiveness and market capture (Wikipedia contributors, 2023). 

In export-oriented grain flows, the speed at which harvest is moved into 

appropriate logistics channels (drying, storage, loading, shipment) often 

determines whether a commodity enters a high-price window or misses it 

altogether. Systems that coordinate harvesting, transport, storage and export 

can reduce delays, minimise loss and maximise market value. 

Thus, logistics that effectively manage time and perishable dimensions 

become an integral competitive enabler, linking agronomic operations to 

market access. 

Reliability and market access. Reliability of logistics – meaning 

consistent delivery performance, quality maintenance and predictable 

service – is critical for agricultural enterprises entering global markets. 

Buyers in import regions, particularly in the EU, MENA and Asia, impose 

high standards on delivery timelines, product quality, documentation and 

traceability (De et al., 2022). Firms with logistics systems able to meet these 

standards gain easier access to markets, more favourable contract conditions 

and stronger reputational capital. 

De et al. (2022) found that logistics outsourcing in agri-supply chains is 

strongly correlated with firm-level competitiveness: those firms that partner 

with competent 3PLs and integrate end-to-end logistics demonstrate higher 

export performance. The reliability of logistics thereby becomes a 

differentiating factor in otherwise commoditised agricultural markets. 

Moreover, logistics reliability affords resilience against operational 

disruptions; enterprises that can guarantee continuity and quality are more 

likely to earn repeated business and sustain margins. Therefore, logistics 
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should not be merely cost-driven: it must support trust, quality preservation 

and market credibility. 

Flexibility in volatile environments. Finally, agricultural logistics 

operates in an environment subject to multiple external shocks: extreme 

weather events, commodity price volatility, trade policy shifts, infrastructure 

disruption or geopolitical conflict. Logistics that offer flexibility – such as 

multimodal transport options (road, rail, river), alternate storage routes, and 

dynamic re-routing – provide enterprises with a competitive edge during 

disruption. 

Soledispa-Cañarte et al. (2023) conducted a systematic review on 

Logistics 4.0 in agribusiness and highlighted how digital capabilities 

enhance flexibility and adaptability. They argue that in an 

Age of Uncertainty, logistics systems must be capable of scenario 

management, rapid reconfiguration and resilience. Tang & Veelenturf 

(2019) similarly stress that logistics strategy must account for external risk 

environments: flexibility is no longer optional but essential for 

competitiveness. 

In grain production contexts where harvest windows are narrow and 

market logistics chains long and complex, firms that can shift flows – say, 

from a blocked Black Sea port to alternative Danube routes – gain substantial 

advantage. Logistics flexibility thus becomes a mechanism for converting 

risk into opportunity. 

Across these four channels – cost  optimisation, time-to-market, 

reliability and flexibility – logistics emerges as a strategic capability for 

agricultural enterprises seeking competitive advantage. While much of the 

literature has focused on manufacturing or retail supply chains, recent 
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research in agribusiness confirms the relevance of these channels 

(Soledispa-Cañarte et al., 2023; Zhai, 2023; De et al., 2022; 

BrightMindPublishing, 2025). 

In practical terms, for grain-oriented enterprises, this means investing 

in logistics assets and systems that integrate procurement, production, 

storage and distribution; applying digital monitoring for perishability; 

securing reliable export logistics; and building flexible networks that can 

respond to external shocks. 

Nevertheless, the challenge lies in balancing these channels: cost 

optimisation must not compromise reliability; speed must not sacrifice 

terminal quality; flexibility must not drive excess cost. Firms that manage 

this balance will position logistics as a source of sustainable competitive 

advantage, not just a cost centre. 
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2.1. Logistics Infrastructure: Components, Functions, and 

Development 
1. General Research Framework. Logistics infrastructure serves as a 

fundamental element of the logistics system, providing the physical and 

informational environment for the movement of material resources, 

products, and accompanying flows. In the context of agricultural 

production–specifically in the grain sector–it acquires particular significance 

due to its high vulnerability to spatial fragmentation, seasonality, weather 

risks, and international competition. As research shows, high-quality 

infrastructure contributes to improving logistics efficiency, reducing 

transaction and transportation costs, and thus enhancing the competitiveness 

of both the enterprise and the region (Vilko, Karandassov, & Myller, 2011; 

Liu, 2024). 

In the scientific literature, logistics infrastructure is conceptualized as a 

multidimensional system encompassing physical assets (transport vehicles, 

warehouses, transshipment terminals), information and communication 

technologies (ICT), and institutional mechanisms (rules, agreements, 

partnerships) that ensure the efficient flow of goods, services, and data 

within and beyond agricultural supply chains (Storto, 2023; Mahabadi, 

Varga, & Dolan, 2021). 

Vilko et al. (2011) emphasize the central role of infrastructure in 

maintaining regional competitiveness: accessibility of transport, cargo-

handling speed, and integration into international logistics corridors directly 

influence product cost, delivery time, and service quality. According to the 

authors, infrastructure functions as a “productivity multiplier” for the 
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agricultural sector in the context of global trade, particularly when supported 

by real-time information systems. 

In a more recent study, Liu (2024) highlights that modernized logistics 

infrastructure enables agricultural exporters to reduce transaction costs by 

15–20% while improving delivery predictability and stability. This finding 

is especially relevant for grain traders who must comply with port shipment 

windows and adapt to volatile freight markets and customs regulations. 

A significant trend in infrastructure development is the shift toward 

integrated network systems that combine transport, energy, and digital 

components. Mahabadi, Varga, and Dolan (2021) argue that logistics 

infrastructure should be analyzed through the lens of system resilience, since 

disruptions in one subsystem–such as energy supply or communication–can 

paralyze the entire supply chain. This approach is particularly applicable to 

countries exposed to external shocks or military risks, such as Ukraine. 

From an environmental perspective, Storto (2023) demonstrates that 

next-generation logistics infrastructure–including low-carbon railway 

terminals and digital customs ports–has a direct impact on achieving ESG 

goals. His EU-based study shows that the level of development of “green” 

infrastructure correlates positively with the export potential of agri-food 

companies, as compliance with sustainable supply chain standards becomes 

a prerequisite for accessing premium markets. 

However, critical perspectives also exist. Vilko et al. (2011) note that 

in countries with already well-developed infrastructure, additional 

investment often results in diminishing marginal returns. Economically, this 

reflects a saturation effect, where infrastructure costs continue to rise while 

productivity gains plateau. This observation fuels debates on the need for 
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intelligent infrastructure planning, incorporating demand forecasting, multi-

scenario analysis, and social benefit indicators. 

In conclusion, the literature reveals a clear evolution of approaches to 

logistics infrastructure: from viewing it as a physical transport network to 

understanding it as a strategic resource that generates long-term competitive 

advantage, environmental responsibility, and systemic resilience. The 

academic consensus now positions logistics infrastructure as a cornerstone 

of sustainable agricultural logistics, integrating physical, digital, and 

institutional dimensions to support both national competitiveness and global 

market integration. 

2. Systematization of Approaches to the Components of Logistics 

Infrastructure. Within the framework of agricultural logistics, four basic 

categories of infrastructure components are identified: transport, warehouse 

and transshipment, information and communication technologies (ICT), and 

institutional-organizational infrastructure. Each of these plays a distinct role, 

affects supply chain efficiency in unique ways, and presents its own 

challenges. Below is a detailed analysis of each component, based on leading 

academic research. 

Transport Infrastructure. Transport infrastructure encompasses roads, 

railways, inland waterways, ports, and transshipment terminals. In 

agricultural production–especially in the grain sector–the distance between 

field and market is significant, and transport volumes are high. Therefore, 

this component is of critical importance. 

As shown by Vilko, Karandassov, and Myller (2011), accessibility and 

quality of transport networks are directly correlated with regional 
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competitiveness: better-connected transport systems reduce logistics costs 

and accelerate market access. 

However, as Vilko et al. (2011) also point out, in countries with already 

high levels of transport infrastructure development, further investments may 

yield diminishing returns due to network saturation. Mahabadi, Varga, and 

Dolan (2021) add that transport infrastructure should be analyzed in 

conjunction with energy and telecommunications systems, since disruptions 

in one subsystem can paralyze the entire logistics chain. 

Warehouse and Transshipment Infrastructure. This includes elevators, 

grain storage facilities, drying complexes, logistics hubs, and transshipment 

areas. For the grain sector, infrastructure must not only store products but 

also maintain quality, monitor moisture and temperature, and ensure fast 

transshipment. 

Storto (2023) emphasizes that the quality of storage infrastructure 

directly influences post-harvest losses and export margins. For instance, 

modern elevators with digital control systems can reduce storage losses by 

several percentage points–an impactful factor given the large volumes in 

question. 

A common problem is the ownership and accessibility of such 

infrastructure: small farms often lack access to advanced facilities, creating 

logistics bottlenecks. 

Information and Communication Infrastructure (ICT). ICT includes 

logistics management systems (WMS/ERP), cargo tracking platforms, 

digital traceability tools, and analytical modules. Mahabadi, Varga, and 

Dolan (2021) underline that without proper ICT infrastructure, the physical 
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logistics network cannot function effectively–a lack of digital data results in 

delays, losses, and opacity. 

In agricultural logistics chains–often involving multiple production 

sites, elevators, and transshipment points–ICT allows for the 

synchronization of nodes. 

Liu (2024) notes that exporters that implemented integrated SCM/ERP 

systems reduced transaction costs by 15–20%and improved logistics order 

fulfillment accuracy. 

Institutional and Organizational Infrastructure. This component 

includes the legal and regulatory framework, service providers (logistics 

operators), logistics financing, customs procedures, and certification 

mechanisms. 

Liu (2024) emphasizes that even the best physical and digital 

infrastructure is useless without an effective institutional base–clear 

procedures, transparent rules, and stable partnerships are essential. His study 

on agricultural exports shows that every additional hour of customs delay 

increases logistics costs by 0.2% of cargo value. 

Mahabadi et al. (2021) also stress the need for interaction between 

public institutions and the private sector–public-private partnerships (PPPs) 

can significantly accelerate infrastructure development. 

The systematization of logistics infrastructure components shows that 

physical assets (transport and storage) are only part of the picture. 

Information and institutional elements are becoming increasingly important–

especially in grain logistics, where speed, quality, and transparency are 

critical. For modern agricultural enterprises and regions, it is vital not only 

to invest in isolated assets but to build an integrated infrastructure–physical, 
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digital, and institutional–that can withstand the challenges of globalization, 

climate change, and market volatility. 

3. Functions of Logistics Infrastructure. The logistics infrastructure 

of the agricultural sector is a multifunctional system that facilitates the 

movement of material, financial, and informational flows among all 

elements of the agri-food supply chain. It acts as a key factor in ensuring 

enterprise competitiveness and regional economic stability (Christopher, 

2016; Waters, 2011). Unlike industrial logistics, agricultural infrastructure 

operates in an environment characterized by heightened risks, seasonality, 

and external demand volatility. This necessitates the integration of multi-

level functions–from physical transportation to digital monitoring, 

regulation, and quality management (Liu, 2024; Mahabadi, Varga & Dolan, 

2021). 

Connectivity function. The primary role of logistics infrastructure is to 

establish connections among producers, markets, ports, processing facilities, 

and consumers. According to Ballou (2007) and Christopher (2016), 

logistics represents a system of integrated channels that ensure spatial and 

temporal synchronization between supply and demand. In agriculture, where 

geographic fragmentation is high, transportation infrastructure (roads, 

railways, river routes) ensures stability and regularity of deliveries, reducing 

coordination costs. 

Vilko et al. (2011) emphasize that each additional unit of investment in 

road infrastructure results in a 0.7–1.2% increase in agricultural exports, 

particularly in countries reliant on seaports or inland waterways. Therefore, 

the connectivity function is not only a technical feature but also a strategic 

tool for integrating national agriculture into global supply chains. 
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Transportation and distribution function. This function fulfills the core 

logistics objective–moving goods with minimal time, energy, and financial 

cost. Waters (2011) describes it as the "backbone" of logistics, ensuring the 

continuity of flows in space. In the agricultural context, this involves 

transporting seeds, fertilizers, harvests, and processed products to 

warehouses, elevators, and retail outlets. 

Mahabadi et al. (2021) note that the efficiency of movement depends 

on the condition of infrastructure networks and the level of digital 

integration. The use of GPS monitoring, dynamic route planning, and 

modular transport reduces logistics losses by 10–15% during peak load 

periods (FAO, 2022). 

Storage and Processing Function. Storto (2023) points out that storage 

infrastructure is more than just physical space–it is a critical link in quality 

and safety management. In the grain sector, losses due to improper storage 

can reach 12–20% of total yield (FAO, 2021). Modern infrastructure 

includes automated elevators, humidity and temperature control sensors, and 

integration with logistics platforms for inventory management. 

Liu (2024) adds that developing cooperative storage centers can reduce 

farmers’ expenses by 8–10%, creating a synergistic effect between storage 

and transport. Thus, the storage function serves as both a buffer between 

production and sales and a quality control point influencing price stability. 

Information and communication function. The informational function 

of logistics infrastructure ensures the collection, processing, and 

transmission of data related to logistics flows, which forms the basis for 

decision-making. Ivanov et al. (2019) describe the information component 
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as the "digital nerve" of logistics, providing transparency and manageability 

at all stages. 

The use of IoT sensors, ERP systems, and cloud platforms enables real-

time tracking of cargo conditions, risk forecasting, and coordination of 

transportation operations. In the grain sector, this is especially important for 

minimizing spoilage and ensuring traceability–a requirement for export to 

the EU (Bowersox & Closs, 2010). 

Control and regulatory function. The control function ensures quality 

monitoring, compliance with logistics standards, and adherence to safety and 

environmental norms. Christopher (2016) and Waters (2011) argue that 

without a developed control system, supply chain stability is impossible. In 

agricultural logistics, this includes humidity checks, lab analyses, customs 

certification, weight control, and compliance with ISO 14001 environmental 

standards. 

In today’s context, the control function also includes ESG mechanisms–

verification of sustainable transport processes, decarbonization, and raw 

material origin certification (EcoVadis, 2023). 

Coordination and integration function. Beyond classical logistics roles, 

modern agro-logistics includes a coordination function that integrates all 

supply chain actors. Mentzer et al. (2001) consider it the "institutional logic" 

of the system, whereby coordination among farmers, traders, transport 

companies, and government agencies minimizes transaction costs and 

optimizes supply volumes. 

Effective coordination improves system resilience to both market and 

political shocks. Ivanov & Dolgui (2020) report that in crisis situations (e.g., 
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war zones), coordinated logistics flows can preserve up to 30% of the output 

that would otherwise be lost. 

In summary, logistics infrastructure in the agricultural sector fulfills not 

only technical but also strategic functions that ensure adaptability, 

environmental responsibility, and industry resilience. It integrates physical, 

digital, and institutional layers into a synergistic platform that supports the 

agri-food sector under conditions of global volatility. Subsequent sections 

will examine the development dynamics of logistics infrastructure across 

countries and its impact on the performance of agri-industrial enterprises. 

The table 2.1 illustrates the key functions of logistics infrastructure in 

the agricultural sector across various countries.  

Table 2.1. Functions and components of logistics infrastructure 
Component of Logistics 

Infrastructure Key Function Country / Example 

Storage Facilities 
(Elevators, 

Warehouses) 

Storage and protection of 
agricultural products 

Netherlands: Agroparks 
with smart storage systems 
integrating temperature 
and humidity sensors 

Transport Network Delivery of raw materials and 
finished products 

United States: Agricultural 
transport corridors for 
large-scale grain export 

Logistics Hubs Consolidation, sorting, and 
redistribution of cargo 

Germany: Agricultural 
logistics clusters 
supporting regional trade 
integration 

Transshipment 
Terminals and 

Intermodal Stations 

Connection between transport 
modes (multimodality) 

Ukraine: Danube 
transshipment terminals of 
Kernel company 

Information Systems 
Monitoring, planning, and 

analytics of logistics 
operations 

France: Blockchain-based 
logistics system of 
Soufflet Agriculture 

Refrigeration Units Preservation of perishable 
goods quality 

Italy: Cold-chain logistics 
for grapes and vegetable 
exports 

Source: systematized by the author 
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These elements play a crucial role in ensuring the efficiency of logistics 

processes, minimizing post-harvest losses, and strengthening the 

competitiveness of agricultural enterprises. The comparative perspective 

demonstrates how infrastructure integration enhances both operational 

performance and resilience to market fluctuations. 

In summary, a well-developed logistics infrastructure forms the 

foundation of sustainable agricultural enterprise development by ensuring 

timeliness, cost-efficiency, and environmental responsibility in logistics 

operations. International experience demonstrates the importance of 

integrating innovative technologies, multimodal transport connections, and 

strategic investment planning in building an effective and resilient logistics 

system. 

Countries that prioritize digital integration and sustainability – such as 

the Netherlands, Germany, and France – showcase how logistics 

infrastructure can evolve into a strategic asset, contributing to both 

productivity and export competitiveness in the agricultural sector. 

4. Development of Logistics Infrastructure: Trends, Statistics, and 

Strategic Directions. Logistics infrastructure is increasingly perceived as a 

critical indicator of the agri-industrial sector’s ability to adapt to the 

challenges of the global economy, particularly in the context of climate 

change, military conflicts, and disrupted supply chains.  

In the context of the transformation of the agro-industrial complex, 

logistics infrastructure plays not merely a supporting role but serves as a 

determining factor for long-term competitiveness. According to Christopher 

(2016) and Waters (2011), the logistics environment shapes a country's 
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ability to withstand global challenges – including climate threats, military 

conflicts, and market instability. In the agricultural sector, these risks are 

especially acute due to production seasonality, high levels of physical 

infrastructure depreciation, limited digital integration, and the territorial 

fragmentation of rural areas (Storto, 2023). 

Analyzing development trends across countries with diverse economic 

and geographic conditions enables the identification of effective 

transformation models, which can be applied to the Ukrainian agricultural 

context. 

Following its EU accession, Estonia implemented a comprehensive 

strategy to modernize port hubs (Muuga, Tallinn) and integrate internal 

agricultural regions into European logistics corridors. Between 2005 and 

2007, the country’s GDP per capita increased from approximately €13,800 

to €17,100, largely due to the multiplier effect of enhanced logistics, reduced 

transactional costs for the agricultural sector, and increased export 

opportunities (Vilko et al., 2011). 

Finland consistently ranks high in the Logistics Performance Index 

(LPI), reaching 3.9 in 2023. This achievement stems from its development 

of railway and water-based multimodal routes, implementation of digital 

solutions for planning and monitoring, and effective coordination between 

producers and distributors. 

Kazakhstan’s national logistics policy serves as an example of long-

term strategic planning. For 2022–2026, over $10 billion in investments are 

allocated to developing transcontinental corridors, particularly the Middle 

Corridor connecting China, the Caspian region, and the Black Sea. This 
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initiative not only diversifies trade routes but also mitigates dependence on 

unstable geopolitical corridors. 

In order to identify effective models of logistics modernization in the 

agricultural sector, it is essential to conduct a comparative analysis of 

countries that have implemented diverse yet strategically justified 

approaches to infrastructure development. Scholarly research confirms a 

strong correlation between logistics infrastructure and economic growth. 

According to Storto (2023), a 0.5-point increase in LPI is associated with an 

8–11% rise in agricultural productivity, primarily through reduced loss, 

faster turnover, market expansion, and improved logistics service quality. 

Table 2.2 presents key indicators of logistics performance, investment 

volumes, and their respective impacts on the agri-food sector across four 

countries – Estonia, Finland, Kazakhstan, and Ukraine. These countries were 

selected due to their geopolitical diversity, varying levels of access to 

maritime infrastructure, digitalization capacity, and strategic responses to 

risk. 

Table 2.2. Key Indicators of Logistics Infrastructure in the 

Agricultural Sector  

Country LPI Index 
(2023) Key Achievements Investment 

(USD billion) 
Role of Agricultural 

Logistics 

Estonia 3.6 Port modernization, 
digital monitoring 1.5 Export growth, cost 

reduction 

Finland 3.9 Multimodal routes, 
coordination 2.3 Sustainable logistics, 

digital integration 

Kazakhstan 3.2 Middle Corridor 
development 10 Geostrategy, reduced 

dependency 

Ukraine 2.8 Port reconstruction, 
wartime limitations ~0.9 Partial adaptation to 

war-related risks 
Source: systematized by the author 
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The comparative analysis reveals that countries combining transport 

modernization with digitalization (e.g., Estonia, Finland) achieve superior 

logistics outcomes with relatively lower investments. In contrast, 

Kazakhstan illustrates a case of large-scale infrastructure construction as a 

foundation for its geo-economic strategy. Ukraine, constrained by wartime 

conditions, requires a holistic approach to infrastructure recovery and 

modernization that incorporates digital, ecological, and security-related 

dimensions. These insights emphasize the importance of multi-level 

infrastructure planning in post-crisis contexts. 

To evaluate the rationale behind logistics investments more deeply, it 

is important to analyze empirical data demonstrating the effects of 

infrastructure enhancements and digital technology adoption on the 

performance of the agri-food supply chain. Table 2.3 summarizes key 

quantitative relationships identified in the literature, showing how 

improvements in logistics infrastructure indicators influence the efficiency 

and competitiveness of agricultural production. 

Table 2.3. Impact of LPI Growth on Agricultural Productivity 
Indicator Value Source 

LPI growth by 0.5 points +8–11% increase in agri 
productivity Storto, 2023 

Reduction in logistics losses –15% during peak periods Mahabadi et al., 2021 
Export growth +0.7–1.2% per $1 of investment Vilko et al., 2011 
Cost reduction for farmers –8–10% via shared infrastructure Liu, 2024 

Source: systematized by the author 

 

The findings clearly confirm the hypothesis that logistics infrastructure 

has a strong multiplier effect on agricultural productivity. Even a slight 

improvement in the Logistics Performance Index (LPI) yields double-digit 

https://doi.org/10.36690/LMAGE


                                 Logistics Management of Agricultural Grain Enterprises 
 
 

 
 
https://doi.org/10.36690/LMAGE                       ISBN 978-9916-9320-4-9 (pdf) 

© Scientific Center of Innovative Research, 2025 
 108 

increases in sector efficiency, while investments in digital integration reduce 

transaction costs and enhance export stability. These effects underline the 

strategic importance of logistics infrastructure as a driver of inclusive and 

sustainable growth, and suggest the need for data-driven logistics investment 

strategies based on impact modeling and socio-economic benefit assessment. 

The development of logistics infrastructure is not only an engineering 

or financial process but a deeply strategic instrument that shapes agricultural 

policy, export potential, and national resilience to external shocks. The 

experience of Finland, Estonia, and Kazakhstan offers valuable insights for 

Ukraine to design its own model of logistics transformation, incorporating 

European standards, internal market needs, and the emerging geoeconomic 

reality. 
 

 

 

  

https://doi.org/10.36690/LMAGE


                                 Logistics Management of Agricultural Grain Enterprises 
 
 

 
 
https://doi.org/10.36690/LMAGE                       ISBN 978-9916-9320-4-9 (pdf) 

© Scientific Center of Innovative Research, 2025 
 109 

2.2. Storage, Transportation, and Transshipment of Grain: 

Modern Practices 
Grain storage, transportation, and transshipment processes represent the 

backbone of agro-logistics systems in grain-oriented agricultural enterprises. 

These logistics components are no longer perceived merely as operational 

necessities but are now acknowledged as strategic pillars that ensure food 

security, reduce post-harvest losses, and enhance market competitiveness. 

According to Christopher (2016) and Waters (2011), logistics activities 

within the grain value chain directly affect profitability, sustainability, and 

risk resilience–particularly in volatile geopolitical and climatic contexts. 

1. Grain Storage Systems: Evolution, Technology, and Efficiency. 

Modern grain storage has evolved far beyond traditional silos and 

warehouses. Today, storage facilities integrate climate control technologies, 

automated monitoring systems (temperature, humidity, pest presence), and 

predictive analytics to optimize grain preservation and turnover. 

According to De Lucia and Assennato (1994), post-harvest grain losses 

in developing countries can reach up to 30%, largely due to inadequate 

storage. In Ukraine, the situation improved significantly after the 

introduction of modular elevators and silo complexes with smart sensor-

based ventilation systems (FAO, 2022). Liu (2024) notes that grain 

producers using automated storage solutions reduce average losses by 12–

15% annually and benefit from extended market timing–being able to wait 

for better export prices. 

Storage infrastructure also includes mobile storage systems, 

particularly relevant during military conflicts or harvest surpluses. In recent 
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years, Ukrainian farmers, supported by international aid, began using grain 

bags (hermetic plastic tubes) and field silos, which offer flexibility under 

unstable conditions (USAID, 2023). 

In transitional economies such as Ukraine, the modernization of grain 

logistics is particularly relevant due to infrastructure vulnerabilities, 

fragmented land holdings, and export dependency. Therefore, enhancing 

storage, transportation, and transshipment capacities is not only a technical 

imperative but a matter of national strategic interest. 

Post-harvest grain storage is critical to safeguarding crop value and 

reducing spoilage. Traditional silo-based methods are gradually being 

replaced by smart grain elevators and cooperative storage hubs, especially in 

regions with export ambitions. 

Table 2.4. Estimated Post-Harvest Losses in Grain Storage  

(selected regions, 2023) 

Region Average Post-
Harvest Loss (%) Main Cause Technological 

Mitigation 
Sub-Saharan 
Africa 

18–25% Lack of ventilation and 
pest control 

Mobile silos, 
hermetic bags 

South Asia 15–22% Monsoon humidity Automated dryers, 
ventilators 

Eastern Europe 10–15% Outdated infrastructure Sensor-equipped 
metal silos 

Latin America 8–12% Mold & fungi in humid 
zones 

Temperature-
humidity control 

Source: FAO (2023), Storto (2023), Liu (2024) 

 

Key technological improvements include: 

- automated sensors for moisture and temperature monitoring to reduce 

fungal contamination and spoilage; 
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- real-time data analytics platforms, integrated with inventory and ERP 

systems to improve stock rotation and sales forecasting (Storto, 2023); 

- collective storage centers developed via public-private partnerships that 

enable small and medium-sized farms to access export logistics channels 

(Liu, 2024). 

2. Transportation of grain: modal efficiency and risk management. 

Grain transportation entails the movement of large volumes over long 

distances with cost, time, and spoilage as major constraints. The modal split–

road, rail, inland waterways, and sea transport–is often determined by 

infrastructure availability, regulatory conditions, and export orientation. 

Mahabadi et al. (2021) emphasize that rail transport remains the 

backbone of cost-efficient grain logistics, with bulk wagons capable of 

moving over 3,000 tons daily per line. In Ukraine, over 55% of grain is 

transported by rail, but war-induced disruptions and bottlenecks at western 

borders have revived interest in intermodal solutions (grain trains + truck 

corridors + river routes). 

Digital tools such as GPS-based fleet tracking, real-time ETA 

(Estimated Time of Arrival) calculations, and AI-based route optimization 

are now essential components of transportation planning. Storto (2023) finds 

that adoption of such technologies reduces idle time by 18% and improves 

fleet utilization by up to 25%. 

Grain transportation plays a decisive role in preserving product integrity 

and achieving timely deliveries - especially for exporters relying on “just-in-

time” maritime schedules. Depending on geography and infrastructure 

quality, transportation may include road, rail, barge, or a multimodal mix. 
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Innovative logistics practices include: modular loading units to reduce 

time during transfers and mitigate contamination risk; GPS tracking systems 

that allow route optimization and loss prevention (Mahabadi, Varga & 

Dolan, 2021); dynamic fleet scheduling integrated with satellite weather 

forecasting to avoid delays during seasonal floods or snow (Table 2.5). 

3. Transshipment Innovations and Border Efficiency. 

Transshipment represents the final critical node in the grain logistics chain–

especially for export-driven economies. This phase includes unloading from 

land transport, temporary storage at port terminals, loading onto sea vessels, 

and customs clearance.  Transshipment ensures not only the continuity of 

logistical flows but also compliance with increasingly strict international 

safety, traceability, and sanitary regulations. 

Table 2.5. Cost and Time Efficiency of Different Grain Transport 

Modes (per ton/100 km, 2023) 
Transport 

Mode 
Average Cost 

(USD) 
Average Speed 

(km/day) 
CO₂ Emissions 

(g/ton-km) Suitability Context 

Road Freight 7.50 350 110 Short-haul, flexible 
Rail Freight 3.20 500 30 Bulk, mid- to long-

distance 
River Barge 2.80 200 25 Seasonal, regional 

(Danube, Mississippi) 
Intermodal 4.00 400 45 Export corridor 

optimization 
Source: World Bank Logistics Performance Database (2023); Mahabadi et al. (2021) 

 

According to Vilko et al. (2011), transshipment inefficiencies may 

account for up to 10% of total logistics costs, primarily due to outdated 

equipment, manual processes, and regulatory delays. In response, major port 

terminals in Odesa, Mykolaiv, and Chornomorsk have introduced conveyor 

systems, automated hoppers, and e-clearance procedures. 
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A new trend in transshipment is the use of floating transloaders–barges 

equipped with cranes that allow mid-river or offshore ship-to-ship grain 

loading. This practice, widely used in Brazil and now piloted in Ukraine 

(Dunai Delta), circumvents congested port areas and shortens turnaround 

time by 2–3 days per vessel. 

 In the context of export-oriented agricultural economies such as 

Ukraine, Kazakhstan, Brazil, and the United States, efficient transshipment 

minimizes risks related to shipment delays, contamination, or regulatory 

non-compliance, all of which can significantly affect contract execution and 

market access. 

Grain transshipment requires highly specialized port infrastructure 

designed to handle bulk commodities with speed, precision, and minimal 

degradation of product quality. As such, transshipment hubs serve as both 

operational and strategic nodes in the export logistics network. 

The modern trends in grain transshipment are: 

1) Dedicated grain terminals with high-throughput systems. Modern grain 

terminals are equipped with automated conveyor belts, bucket elevators, and 

ship loaders that ensure fast and contamination-free transshipment. These 

terminals are designed to minimize dust emissions, prevent cross-

contamination between different grain types, and maintain the moisture 

content within acceptable ranges. For example, terminals in the port of 

Constanța (Romania) and Mykolaiv (Ukraine) have recently adopted fully 

enclosed conveyor systems that align with EU food safety norms. 

2) Digitalized customs clearance and traceability zones. Increasingly, 

customs processing at transshipment points is becoming paperless and real-

time, using blockchain-enabled documentation and digital seals. This 
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development supports the traceability requirements of major importers, 

particularly in the EU and East Asia. In Rotterdam and Klaipėda, grain 

cargoes undergo digital customs clearance that links grain origin data with 

phytosanitary certificates, transport logs, and sustainability verifications 

(such as compliance with ESG criteria or “green corridor” certifications). 

3) Floating storage and river-sea grain barges. To reduce congestion at 

overloaded ports and optimize last-mile transport to deep-water harbors, 

floating storage units (FSUs) and grain barges are used on navigable rivers 

(e.g., Danube, Mississippi, Dnipro). These allow decentralized pre-loading, 

which not only reduces queuing time at ports but also creates redundancy in 

times of geopolitical risk. For example, the use of grain barges in Ukraine 

during periods of port disruption due to military blockades has preserved up 

to 25% of export volumes. 

4) Redundancy and agility in routing logistics. The volatility of global trade 

and increased exposure to geopolitical shocks (e.g., military blockades, 

sanctions, piracy risks) has accelerated the shift towards multi-node routing 

strategies. Rather than relying on a single major port, grain exporters 

increasingly invest in backup transshipment routes (e.g., via Baltic ports or 

inland terminals in Poland, Hungary, or Georgia). This diversification 

reduces dependency on chokepoints such as the Bosporus or Suez Canal. 

Empirical studies underscore the performance gains of well-developed 

transshipment systems (Table 2.6). 
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Table 2.6. Quantitative Impact of Transshipment Infrastructure 

Indicator Quantified Impact Source 

Reduction in average port 
delays 

28–35% with modern terminal 
investment Vilko et al., 2011 

Grain loss reduction during 
transshipment 

–8–12% with enclosed 
conveyors & real-time sensors FAO, 2022 

Customs clearance time 
reduction 

–45–60% using digital systems OECD Logistics 
Report, 2023 

Export volume preservation 
(conflict zones) 

+25% via floating storage and 
agile routing UNCTAD, 2023 

Source: systematized by the author 

 

These gains not only reduce operational costs but also contribute to 

price stabilization, enhanced export competitiveness, and resilience to 

systemic shocks. 

The efficient functioning of grain logistics systems is a cornerstone of 

national food security, rural economic vitality, and international trade 

competitiveness. In Ukraine, where the agricultural sector is a strategic pillar 

of the economy and a key contributor to global grain markets, the robustness 

of storage, transportation, and transshipment infrastructure determines the 

reliability of exports and the stability of domestic supply chains. Given the 

ongoing challenges posed by military conflict, energy disruptions, and 

shifting trade corridors, a structured strategic evaluation is essential. 

This SWOT analysis synthesizes Ukraine’s current strengths and 

weaknesses in grain logistics, identifies emerging opportunities from global 

reorientation of agro-logistics, and assesses the threats that could 

compromise future performance (Table 2.7).  
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Table 2.7. SWOT Analysis of Ukraine’s Grain Logistics Capabilities 

Strengths Weaknesses 
- Large volume of grain production - Aging transport infrastructure in 

regions 
- Strategic geographic position near EU 
and Asia 

- Incomplete standard-gauge rail 
integration 

- High logistics adaptability post-2022 - Insufficient grain drying & cooling 
capacity 

- Development of Danube alternative 
corridors - Delays at cross-border terminals 

Opportunities Threats 
- Integration into EU digital logistics 
systems (e-CMR, e-Customs) - Continuation of war and port blockades 

- Investment in ESG-compliant storage 
and carbon-neutral transport - Export restrictions by partner countries 

- Expansion of transshipment capacity in 
Romania, Moldova, and Georgia 

- Global freight price volatility and 
insurance risks 

Sources: Storto, 2023; Mahabadi et al., 2021; FAO, 2022; OECD, 2023 

 

The table 2.7 below provides a comprehensive framework for 

understanding the strategic positioning of Ukraine's grain logistics sector in 

the context of both its internal capabilities and the external geopolitical and 

economic environment. It is designed to inform policymakers, investors, 

infrastructure planners, and international partners engaged in agricultural 

development and food system resilience. 

The modernization of transshipment practices is no longer a matter of 

technical upgrade alone but a strategic imperativein the global agricultural 

trade. Advanced port infrastructure, combined with digital integration and 

decentralized storage capabilities, enables exporting countries to maintain 

their market positions in the face of environmental volatility, political unrest, 

or trade barriers. As grain-exporting nations adapt to new logistical 

paradigms, the integration of transshipment hubs into broader national 
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logistics strategies becomes vital. For Ukraine and similar frontline 

exporters, investments in flexible, traceable, and ESG-aligned port logistics 

will determine not just economic performance but long-term food security 

contributions on the global stage. 

Modern grain logistics is not merely a technological or infrastructure 

domain–it is a strategic capability that determines agricultural 

competitiveness, food security, and integration into global markets. For 

Ukraine, developing advanced storage, resilient multimodal transport, and 

transshipment solutions is crucial not only for economic growth but also for 

geopolitical stability. The transition toward digital monitoring, ESG-oriented 

investments, and regional cooperation (via the Danube, Black Sea 

alternatives, and Trans-Caspian corridors) will define Ukraine's success in 

the post-crisis landscape. Future research should focus on benchmarking 

Ukraine's logistics reforms against EU Green Deal logistics standards and 

digital logistics twin initiatives. 
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2.3. Use of Information and Communication Technologies 

in Logistics 
1. The main Information and Communication Technologies (ICTs) 

in Logistics. In the modern agricultural logistics landscape, the integration 

of Information and Communication Technologies (ICTs) is no longer a 

complementary feature, but a strategic necessity. As global supply chains 

become more complex, geographically dispersed, and sensitive to 

disruptions–from climate change to geopolitical instability–the digital 

backbone of logistics operations gains decisive importance. ICTs enable 

real-time tracking of shipments, predictive analytics for route optimization, 

automated warehouse and inventory management, and enhanced 

communication across the supply chain. These technologies not only 

increase operational efficiency and reduce costs but also support 

transparency, traceability, and sustainability–particularly important in agri-

food systems regulated by strict quality and safety standards. For grain-

focused agricultural enterprises, ICT integration facilitates synchronization 

between harvesting schedules, storage capacities, and transportation 

availability, which is crucial for minimizing post-harvest losses and meeting 

export deadlines. According to OECD (2022) and Liu (2024), ICT-enabled 

logistics can increase delivery reliability by up to 25% and reduce 

administrative costs by up to 18%. As Ukraine strives to rebuild and 

modernize its logistics infrastructure under wartime constraints and post-war 

recovery scenarios, the deployment of digital tools becomes a cornerstone of 

resilience and global integration. 
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The key components of ICT in logistics – digital platforms, blockchain, 

intelligent transport management and artificial intelligence-based 

forecasting systems – were examined through the prism of international 

experience and their applicability to Ukrainian grain supply chains. 

ERP Systems (Enterprise Resource Planning). ERP systems form the 

core of digital transformation in logistics processes across agricultural 

enterprises. They provide centralized integration of financial, warehousing, 

transportation, and production data within a single digital platform. This 

integration ensures operational transparency and minimizes data duplication. 

In the agricultural sector, ERP systems enable end-to-end tracking – from 

seed procurement to the delivery of finished products to consumers. For 

instance, platforms such as SAP ERP and Microsoft Dynamics are widely 

adopted by large agroholdings for inventory management, crop planning, 

and logistics optimization. These systems also support integration with GPS 

navigation modules and CRM systems, improving partner communication. 

Studies indicate that ERP implementation can reduce logistics costs by 10–

15% (Liu, 2024). Furthermore, centralized data access facilitates real-time 

decision-making. With predictive capabilities, ERP systems can optimize 

delivery schedules based on weather conditions and market demand. Under 

conditions of market volatility, ERP systems enhance the resilience and 

adaptability of agricultural businesses. 

WMS Systems (Warehouse Management Systems). WMS systems 

automate operations within logistics centers and agricultural warehouses. 

They provide precise control over product placement, shelf life, storage 

conditions, and movement processes. For grain enterprises, monitoring 

humidity and temperature in silos is critical – WMS systems integrate with 
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sensor networks to maintain these parameters. Modern WMS platforms such 

as Oracle NetSuite or Infor WMS support barcode scanning, RFID, and 

cargo tracking modules. These features ensure accurate accounting, 

minimize product losses, and reduce labor costs. Additionally, WMS 

solutions are essential for managing logistics chains characterized by high 

product turnover, typical of seasonal agricultural production. They allow 

spatial modeling of warehouse layouts and forecasting of resource 

requirements. WMS systems are also integrated with ERP and TMS 

solutions, forming a unified logistics management environment. According 

to FAO (2021), the implementation of WMS reduces grain storage losses by 

12–20%. In summary, WMS systems contribute to greater safety, efficiency, 

and profitability in storage and processing operations. 

TMS Systems (Transportation Management Systems). TMS systems 

are designed for the planning, execution, and monitoring of transportation 

operations within logistics networks. In the agricultural sector, they play a 

crucial role due to the need to coordinate a large number of suppliers, 

warehouses, traders, and transport companies. TMS platforms allow route 

modeling that takes into account weather conditions, traffic congestion, road 

quality, and seasonal restrictions. They also integrate with GPS systems and 

telematics for real-time monitoring. For example, the use of TMS in 

Ukrainian grain clusters has reduced logistics costs by 12% and improved 

delivery timeliness (Mahabadi et al., 2021). Moreover, these systems support 

electronic document management, automated invoicing, cargo weight 

calculation, and compliance with regulatory standards. TMS solutions help 

prevent overloading, scheduling violations, and inefficiencies in freight 

utilization. By reducing the number of empty runs, TMS improves the carbon 
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footprint of agricultural enterprises. Overall, they serve as a critical element 

in ensuring operational efficiency, reliability, and environmental 

sustainability in agricultural transportation. 

IoT devices. Internet of Things (IoT) devices enable continuous 

monitoring of physical parameters throughout the logistics chain. In the 

agricultural sector, they are used to track temperature, humidity, vibration, 

cargo position, and tank fill levels. For instance, sensors installed in grain 

storage facilities transmit microclimate data to centralized platforms, helping 

prevent spoilage. In transport, IoT technology ensures compliance with 

delivery conditions, which is vital for temperature-sensitive products such as 

dairy goods and vegetables. IoT applications enhance transport security by 

detecting unauthorized container openings or route deviations. Through 

mobile communication and LoRaWAN technology, devices can transmit 

data even from remote rural areas. IoT-based systems integrate with ERP 

and WMS platforms, ensuring end-to-end quality control. Research shows 

that IoT adoption can reduce logistics losses by 10–15% during peak seasons 

(FAO, 2022). Furthermore, IoT data forms the foundation for analytical 

modeling and risk prediction. Overall, IoT serves as a cornerstone of 

transparent, resilient, and adaptive agrologistics networks. 

Cloud-based logistics platforms. Cloud-based logistics platforms have 

revolutionized the way agricultural supply chains are managed by providing 

centralized, real-time access to logistics data across all stakeholders. These 

platforms offer integrated solutions that combine transport management 

systems (TMS), warehouse management systems (WMS), inventory 

tracking, and order processing modules within a unified digital ecosystem. 

By leveraging cloud infrastructure, logistics operators can avoid the high 
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upfront costs associated with on-premise hardware and benefit from scalable, 

subscription-based models. 

One of the key advantages of cloud platforms is real-time visibility – 

farmers, traders, warehouse managers, and transporters can simultaneously 

track shipments, adjust schedules, and share documents without delays. For 

example, solutions like SAP Integrated Business Planning or Oracle Cloud 

SCM allow users to model supply-demand scenarios and optimize resource 

allocation based on weather forecasts, market prices, or geopolitical 

disruptions. In agricultural logistics, where delivery timing is critical due to 

the perishability of certain products, this level of responsiveness can 

significantly reduce spoilage and increase customer satisfaction. 

Additionally, cloud platforms support the use of application 

programming interfaces (APIs) that integrate with IoT sensors, ERP systems, 

or blockchain nodes to automate data exchange. This interoperability helps 

avoid manual entry errors and accelerates decision-making. Moreover, the 

cloud-native design enables remote access, which is particularly beneficial 

for rural or decentralized agricultural settings, allowing stakeholders to 

manage operations via mobile devices even in low-infrastructure 

environments. 

Data security and redundancy are also enhanced through cloud services, 

with major providers offering encrypted backups, disaster recovery, and 

compliance with international standards such as ISO/IEC 27001. From a 

sustainability perspective, centralized cloud systems reduce the energy 

footprint by eliminating redundant data centers in individual enterprises. 

Furthermore, analytics dashboards within cloud platforms empower farm 

cooperatives and regional authorities to monitor logistics KPIs (key 
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performance indicators), such as delivery accuracy, truck utilization, and 

warehouse turnover. 

In summary, cloud-based logistics platforms represent a transformative 

shift towards digitized, transparent, and efficient supply chains. Their 

integration in agricultural logistics promotes cost savings, operational 

resilience, and better risk mitigation in the face of climate variability, conflict 

zones, or market volatility. 

Blockchain solutions in agricultural logistics. Blockchain technology 

introduces a decentralized and immutable ledger system that can 

fundamentally transform transparency, traceability, and trust across the 

agricultural supply chain. In logistics, this technology enables all actors – 

from farmers and cooperatives to exporters and regulators – to record, verify, 

and share data regarding the origin, quality, and handling of goods in a 

tamper-proof manner. 

One of the central applications of blockchain in agricultural logistics is 

product traceability, particularly relevant for compliance with international 

food safety and ESG regulations. For instance, in grain logistics, blockchain 

can record each stage – from field harvesting, silo storage, rail transshipment, 

to final port delivery – with timestamped and geolocated entries. Projects 

like IBM Food Trust or AgriDigital have already demonstrated how 

blockchain-based tracking can reduce fraud, errors, and disputes in 

agricultural exports. 

Smart contracts – automated agreements coded into the blockchain – 

also play a crucial role in logistics operations. These contracts can 

automatically trigger payments when predefined conditions are met (e.g., 

delivery of 50 tons of wheat to a specific port within a temperature range). 
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This reduces transaction costs and ensures faster settlement, especially 

useful in cross-border trade where traditional paper-based documentation is 

slow and prone to manipulation. 

Furthermore, blockchain promotes supply chain decentralization, 

reducing reliance on single intermediaries and increasing the resilience of 

logistics networks. In war-affected or high-risk regions, such as Ukraine, 

blockchain ensures continuity of records even when central systems are 

disrupted. It can also be integrated with IoT devices – for example, sensors 

embedded in grain containers can transmit data on humidity and temperature 

directly to the blockchain, creating a verifiable trail of storage conditions. 

From an economic standpoint, blockchain adoption can enhance the 

credibility of small-scale producers and cooperatives, allowing them to 

access premium markets by proving the sustainability and authenticity of 

their products. According to the FAO (2022), blockchain-based certification 

can increase smallholder margins by 10–15% through reduced verification 

costs and increased buyer confidence. 

Regulatory institutions, such as customs or port authorities, also benefit 

from blockchain by accessing verified data about shipments without the need 

for lengthy inspections. However, challenges remain in terms of 

interoperability between blockchain platforms, the need for legal recognition 

of smart contracts, and the digital literacy required for widespread adoption 

in rural areas. 

In essence, blockchain solutions hold transformative potential for 

building trust-based, efficient, and secure logistics systems. Their strategic 

application in agriculture logistics not only improves process integrity and 
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compliance but also aligns with broader goals of ESG performance, 

transparency, and market diversification. 

Artificial Intelligence (AI) in predictive logistics. Artificial 

Intelligence (AI) has emerged as one of the most transformative tools in 

modern agricultural logistics, enabling predictive, adaptive, and self-

learning systems that enhance operational precision and efficiency. AI 

algorithms process massive datasets from weather forecasts, crop yield 

estimates, transportation flows, and market trends to generate predictive 

models that anticipate disruptions and optimize logistics performance. 

According to Ivanov and Dolgui (2020), AI-supported logistics systems can 

increase route efficiency by 15–25% and reduce overall logistics costs by 

10–12% through automation of planning and forecasting tasks. 

One of the primary applications of AI in logistics is predictive demand 

and supply planning. By analyzing historical and real-time data, AI models 

forecast seasonal fluctuations in grain output, demand cycles, and export 

volumes. This allows logistics operators to allocate transport and storage 

capacities more efficiently, reducing congestion at elevators and ports. 

Additionally, AI-driven routing optimization tools use real-time data from 

IoT sensors and GPS tracking to dynamically adjust routes in response to 

weather conditions, fuel prices, or border delays. These adaptive systems 

significantly improve on-time delivery rates while minimizing fuel 

consumption and emissions. 

AI also plays a pivotal role in warehouse automation and robotics. 

Computer vision algorithms monitor grain quality, detect contamination, and 

even control mechanical sorting or packaging equipment. For example, 

smart cameras using convolutional neural networks (CNNs) can identify 

https://doi.org/10.36690/LMAGE


                                 Logistics Management of Agricultural Grain Enterprises 
 
 

 
 
https://doi.org/10.36690/LMAGE                       ISBN 978-9916-9320-4-9 (pdf) 

© Scientific Center of Innovative Research, 2025 
 126 

mold or foreign particles in grain batches with up to 95% accuracy (FAO, 

2022). Moreover, AI-based warehouse management enhances labor 

productivity and reduces human error. 

Another dimension of AI implementation is risk prediction and scenario 

analysis. Machine learning models evaluate the probability of disruptions – 

such as port closures, geopolitical events, or input shortages – and propose 

contingency strategies. This is particularly vital in the Ukrainian context, 

where logistics resilience depends on anticipating risks tied to infrastructure 

security or regional instability. 

AI’s contribution to sustainability is also growing: intelligent fleet 

management systems track carbon emissions per ton-kilometer and 

recommend optimal vehicle loads to minimize the environmental footprint. 

Furthermore, AI supports ESG reporting by aggregating and analyzing 

sustainability data automatically. 

However, challenges persist – including data quality, integration 

complexity, and the need for digital literacy among logistics personnel. 

Despite these barriers, the convergence of AI, IoT, and cloud computing is 

rapidly reshaping logistics into a self-optimizing ecosystem capable of real-

time adaptation. 

Big Data and analytics in supply chain optimization. Big Data 

analytics serves as the analytical backbone of digital logistics 

transformation. It allows agricultural enterprises to extract actionable 

insights from vast datasets that include weather forecasts, market prices, 

transport costs, satellite imagery, and sensor data. According to Mahabadi, 

Varga, and Dolan (2021), data-driven decision-making can improve logistics 
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efficiency by 20–30% when combined with digital platforms and predictive 

modeling. 

In the agricultural supply chain, Big Data enables end-to-end visibility 

– from field-level activities to final product delivery. This transparency 

allows managers to monitor bottlenecks, track shipment times, and identify 

inefficiencies across multiple stakeholders. For instance, data integration 

from transport telematics, ERP systems, and port databases helps optimize 

delivery schedules and storage turnover, preventing delays and minimizing 

losses. 

One of the most critical uses of Big Data analytics is in route 

optimization and transport cost modeling. By analyzing variables such as 

fuel prices, vehicle performance, and infrastructure conditions, logistics 

managers can determine the most efficient delivery patterns. Furthermore, 

predictive analytics tools detect seasonal congestion trends, helping firms 

preemptively adjust logistics capacity or shipping schedules. 

Big Data also plays a key role in sustainability assessment. By 

collecting and analyzing data on emissions, energy use, and resource 

efficiency, agricultural logistics companies can quantify their ESG 

performance and develop low-carbon strategies. Additionally, prescriptive 

analytics techniques – combining simulation and optimization models – 

allow managers to test different logistical scenarios (e.g., port closures or 

fuel price hikes) and select the most resilient strategy. 

The integration of Big Data with AI and IoT ecosystems further 

enhances predictive accuracy and automation. For example, sensors in grain 

silos continuously send data on humidity and temperature to centralized 

analytics dashboards, where algorithms detect anomalies and trigger 
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preventive actions. Such predictive maintenance reduces product spoilage 

and equipment downtime. 

However, the effectiveness of Big Data solutions depends on data 

governance – standardization, interoperability, and privacy protection. Liu 

(2024) notes that inconsistent data formats and lack of shared data 

infrastructure often limit analytical potential in developing regions. 

Therefore, establishing data-sharing consortia among agribusinesses, 

transport companies, and government institutions is essential to unlock the 

full benefits of analytics-driven logistics. 

Ultimately, Big Data and analytics represent the strategic foundation 

for building intelligent, adaptive, and resilient agricultural logistics systems. 

They bridge the gap between raw information and operational intelligence – 

transforming logistics from reactive management to proactive, evidence-

based decision-making. 

2. Comparative Analysis of Information and Communication 

Technologies (ICTs) in Logistics. Digitalization has redefined the logistics 

infrastructure of the agricultural sector by integrating data, automation, and 

analytics across all supply chain levels. Each technological component – 

from ERP systems to Big Data platforms – contributes to a unified, adaptive 

ecosystem that enhances transparency, traceability, and resilience (Table 

2.8). 
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Table 2.8. Digital Technologies in Agricultural Logistics: Comparative 

Overview 

Technology Main Function Core Features Benefits and 
Efficiency Gains 

Empirical/Case 
Evidence 

ERP Systems 
(Enterprise 
Resource 
Planning) 

Centralized 
integration of 

finance, 
production, 

transport, and 
storage data 

Unified data 
management, 

GPS/CRM 
integration, 
predictive 
analytics 

Transparency, 
real-time 

decision-making, 
10–15% cost 

reduction 

SAP ERP, 
Microsoft 

Dynamics; Liu 
(2024) 

WMS Systems 
(Warehouse 
Management 

Systems) 

Automation of 
warehouse 
operations 

RFID/barcoding, 
IoT humidity & 

temperature 
sensors, stock 

modeling 

12–20% 
reduction in grain 

losses, lower 
labor costs, 

improved product 
safety 

Oracle NetSuite, 
Infor WMS; FAO 

(2021) 

TMS Systems 
(Transportation 
Management 

Systems) 

Planning and 
monitoring of 

transport logistics 

Route modeling, 
GPS/telematics, e-

documentation 

12% lower 
transport costs, 

improved on-time 
delivery, reduced 

CO₂ footprint 

Mahabadi et al. 
(2021); Ukraine 

grain clusters 

IoT Devices 

Continuous 
physical 

monitoring of 
logistics 

parameters 

Sensors for 
temperature, 

vibration, 
geolocation; 
LoRaWAN 
connectivity 

10–15% 
reduction in 

logistics losses, 
enhanced cargo 

security 

FAO (2022); 
integrated with 

ERP/WMS 

Cloud-Based 
Logistics 
Platforms 

Centralized, real-
time 

collaboration and 
analytics 

API integration, 
mobile access, 
ISO/IEC 27001 

compliance 

Cost reduction, 
real-time 
visibility, 

sustainability 
through shared 
infrastructure 

SAP IBP, Oracle 
Cloud SCM; 

OECD (2023) 

Blockchain 
Solutions 

Decentralized 
traceability and 
smart contracts 

Immutable ledger, 
product tracking, 
smart contracts, 
IoT integration 

Transparency, 
fraud prevention, 
10–15% higher 

smallholder 
margins 

IBM Food Trust, 
AgriDigital; FAO 

(2022) 

Artificial 
Intelligence (AI) 

Predictive and 
adaptive logistics 

management 

Forecasting 
models, routing 
optimization, 

computer vision, 
robotics 

15–25% route 
efficiency gain, 
automation, 10–

12% logistics cost 
reduction 

Ivanov & Dolgui 
(2020); FAO 

(2022) 

Big Data 
Analytics 

Data-driven 
optimization of 

supply chain 
performance 

Predictive & 
prescriptive 

modeling, ESG 
analytics, scenario 

simulations 

20–30% 
efficiency gain, 

improved 
sustainability and 
risk management 

Mahabadi et al. 
(2021); Liu 

(2024) 

Source: systematized by the author 
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Collectively, these digital tools transform agricultural logistics from a 

reactive process into a predictive, intelligent, and sustainable system. 

Empirical evidence shows that the integration of ERP, WMS, and AI-driven 

analytics can reduce overall logistics costs by up to 30%, minimize losses, 

and improve compliance with ESG standards – positioning digital logistics 

as the foundation of competitiveness in the modern agri-food economy. 
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2.4. Analysis of Material and Technical Support for 

Logistics Processes 
1. Theoretical Foundations of Material and Technical Support in 

Logistics. Material and technical support in logistics represents the 

foundation upon which the efficiency, sustainability, and competitiveness of 

agricultural enterprises are built. In essence, it encompasses the aggregate of 

tangible assets – machinery, vehicles, storage facilities, energy resources, 

and digital infrastructure – that enable the physical movement, processing, 

and control of agricultural goods within supply chains. As emphasized by 

Bowersox, Closs, and Cooper (2013), the quality of logistical infrastructure 

determines the firm’s capability to ensure continuity of operations, reduce 

transaction costs, and maintain product quality under variable external 

conditions. 

In agricultural logistics, the importance of material and technical 

support is heightened due to the sector’s exposure to seasonality, 

perishability of products, and climatic risks. Christopher (2016) identifies it 

as one of the “core structural determinants” of logistical performance, 

linking it directly to three system parameters: capacity utilization, response 

time,and resilience. Efficient use of machinery, storage systems, and energy 

inputs enhances flexibility during peak agricultural cycles – particularly 

during sowing and harvesting – and mitigates bottlenecks in transportation 

and warehousing. 

The European Commission (2023) stresses that the modernization of 

technical and material bases within agricultural logistics must be aligned 

with sustainability goals – emphasizing low-emission equipment, renewable 
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energy in storage operations, and digital control mechanisms that enable 

precision logistics. In this regard, logistics support is not limited to physical 

tools but extends to the integration of digital and managerial systems, 

including ERP, IoT, and automated control platforms (Ivanov & Dolgui, 

2020). 

Furthermore, the material and technical dimension functions as a bridge 

between operational logistics and strategic management. Waters (2011) 

argues that the degree of technological modernization in logistics 

infrastructure directly correlates with the enterprise’s strategic positioning in 

global markets. Hence, the modernization of agricultural logistics must 

combine technological, economic, and institutional mechanisms to build 

resilience and ensure continuous competitiveness. 

Material and technical resources (MTR) in agricultural logistics are 

typically divided into five interrelated categories: 

1. Transport and vehicle fleet, 

2. Storage and transshipment infrastructure, 

3. Handling and packaging equipment, 

4. Energy and fuel systems, 

5. Digital and information-communication equipment. 

Each component plays a unique role within the agricultural value chain 

and contributes to different stages of logistics performance. 

Transport and vehicle fleet. The transport and vehicle fleet forms the 

logistical backbone of agricultural supply chains, ensuring the timely and 

safe movement of raw materials, intermediate goods, and finished 

agricultural products. In the context of grain logistics, transportation costs 

account for a disproportionately high share–often up to 40–45%–of total 
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logistical expenditures (FAO, 2022). This is due to the spatial distribution of 

farms, storage facilities, and export terminals, as well as the dependence on 

weather and seasonal cycles. According to Eurostat (2023), the renewal rate 

of agricultural freight vehicles in Ukraine averages below 10% annually, 

while EU member states maintain 18–20%, ensuring greater energy 

efficiency, reliability, and compliance with environmental standards. 

Christopher (2016) and Waters (2011) emphasize that the 

modernization of transport fleets directly enhances a company’s agility and 

responsiveness to market fluctuations. The integration of telematics, GPS 

navigation, and route-planning software reduces empty mileage, fuel waste, 

and greenhouse gas emissions. For instance, the implementation of digital 

fleet management systems at Ukrainian agroholdings such as Kernel and 

MHP led to an estimated 12–15% improvement in route efficiency and up to 

a 9% reduction in fuel consumption. Moreover, diversification of transport 

modes–including river and rail transport–has become a critical resilience 

strategy during geopolitical disruptions (Mahabadi, Varga, & Dolan, 2021). 

In strategic terms, transportation infrastructure is not merely an 

operational necessity but a competitive asset. The ability to deliver products 

efficiently determines access to export markets, influences the reliability 

perceived by foreign buyers, and enhances overall enterprise reputation. The 

European Commission (2023) underlines that sustainable modernization of 

transport fleets–through hybrid vehicles, renewable fuels, and advanced 

telemetry–is essential for aligning agricultural logistics with the European 

Green Deal and ESG performance standards. 

Storage and transshipment infrastructure. Storage and transshipment 

systems represent the intermediate logistical layer connecting agricultural 
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production with distribution and export. Efficient storage capacity ensures 

market stability by smoothing out seasonal supply fluctuations and 

protecting product quality. Storto (2023) highlights that inadequate storage 

facilities in developing agricultural economies result in post-harvest losses 

ranging between 15–25% of total output. The situation is particularly acute 

in grain-oriented enterprises, where temperature, humidity, and pest control 

determine both the physical and economic value of the crop. 

Modern storage logistics is increasingly characterized by automation 

and modular scalability. Automated control systems monitor microclimate 

conditions in real time, reducing human error and enabling predictive 

maintenance. In advanced EU agricultural systems such as France and 

Poland, the ratio of grain storage capacity to annual production exceeds 

1.2:1, providing strategic flexibility for delayed sales and market timing. In 

contrast, Ukraine and Kazakhstan average 0.7:1, exposing producers to price 

volatility and logistical congestion during peak harvest seasons (Eurostat, 

2023). 

According to Liu (2024), investment in cooperative storage 

infrastructure and the use of PPP mechanisms significantly increase resource 

utilization efficiency and democratize access to modern storage technologies 

for small and medium-sized farms. The economic effect is evident: improved 

storage logistics reduces forced sales at discount prices and enhances the 

bargaining power of producers. Consequently, the modernization of 

transshipment and storage facilities constitutes one of the most important 

determinants of competitiveness in agrologistics. 

Handling and packaging equipment. Handling and packaging systems 

form the operational link that guarantees the continuity, safety, and speed of 
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the logistics cycle. These include conveyors, grain loaders, mechanical lifts, 

pneumatic grain transfer systems, and robotic packaging lines. Bowersox, 

Closs, and Cooper (2013) define handling automation as a “process 

efficiency multiplier,” capable of reducing logistical cycle times by 25–30% 

while enhancing workplace safety. 

In the agricultural context, mechanization and automation of handling 

processes have dual importance. Firstly, they minimize physical losses 

during loading, unloading, and internal transportation. Secondly, they ensure 

compliance with quality and traceability requirements, particularly in the 

context of international standards for grain purity and hygiene (FAO, 2021). 

Modern robotic packaging and labeling lines also facilitate compliance with 

EU traceability regulations and support environmentally sustainable 

packaging practices, such as biodegradable or recyclable materials (Liu, 

2024). 

The integration of handling systems with digital logistics management 

platforms further enables synchronization of transport schedules with 

storage and port capacities. This creates an intelligent, responsive logistics 

flow that reduces idle time and strengthens the resilience of agricultural 

export chains. 

Energy and fuel systems. Energy and fuel infrastructure underpins the 

continuity and resilience of logistics processes, particularly in 

geographically remote or conflict-affected regions. Mahabadi, Varga, and 

Dolan (2021) observe that interruptions in fuel logistics create cascading 

effects across entire supply chains, amplifying costs and delaying deliveries. 

For agricultural enterprises, where fuel accounts for up to 20% of total 

operational expenses, energy efficiency is a determinant of competitiveness. 
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The modern trend in logistics infrastructure development is the shift 

toward renewable and low-carbon energy sources. Hybrid and electric 

transport vehicles, biodiesel use, and solar-powered warehouse systems are 

increasingly becoming standard across Europe. The German AgriLogistics 

4.0 initiative reported a 24% reduction in fuel consumption and 18% 

reduction in CO₂ emissions after integrating solar-powered logistics 

terminals and hybrid tractors (BMEL, 2022). 

In Ukraine and other post-Soviet economies, energy modernization 

remains a strategic priority. Decentralized energy systems–using biomass, 

biogas, or portable solar modules–are being introduced to reduce dependence 

on external fuel supply chains. This diversification not only mitigates risks 

related to geopolitical instability but also enhances alignment with EU 

decarbonization policies and national energy-efficiency programs. 

Digital and ICT equipment. Digital and information-communication 

infrastructure represents the nervous system of the logistics ecosystem. Its 

role transcends traditional data collection: it forms the analytical and 

predictive core of decision-making processes. According to Liu (2024), 

enterprises that implemented integrated ICT-supported logistics achieved up 

to 30% improvements in operational efficiency and a 10–12% reduction in 

risk exposure. 

The integration of IoT sensors, ERP systems, cloud-based logistics 

platforms, and AI-driven analytics allows agricultural firms to monitor cargo 

movement, environmental conditions, and equipment performance in real 

time. These systems support predictive maintenance–identifying potential 

equipment failures before they occur–and dynamic rerouting of deliveries 

based on weather or infrastructure disruptions (Ivanov & Dolgui, 2020). 
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Moreover, ICT infrastructure facilitates traceability and transparency, 

which are prerequisites for compliance with modern ESG and food-safety 

standards. Blockchain-based modules embedded within ERP ecosystems 

ensure data immutability and reduce administrative friction in export 

logistics. Beyond efficiency, digital infrastructure thus becomes a source of 

institutional trust, enabling participation in global agri-food networks where 

information reliability is as valuable as product quality itself. 

The following table synthesizes the key material and technical 

components that underpin agricultural logistics systems, presenting their 

functions, measurable indicators, and modernization trends based on global 

empirical data. It highlights the multidimensional nature of logistics 

infrastructure–where physical, energy, and digital assets interact to ensure 

efficiency, quality, and resilience in agricultural supply chains (Table 2.9). 

The analysis reveals that logistics modernization in agriculture is driven 

not only by investments in physical infrastructure but also by technological 

convergence–where ICT, automation, and energy sustainability redefine 

performance standards. Transport fleets remain the cost-dominant element, 

while digital infrastructure emerges as the core enabler of predictive and 

adaptive management. As international experience (FAO, 2022; BMEL, 

2022; Storto, 2023) shows, the synergistic integration of these components 

generates systemic effects: reduced post-harvest losses, lower carbon 

emissions, and increased market flexibility. 

For developing agricultural economies, particularly Ukraine and 

Kazakhstan, the strategic task lies in achieving technological parity through 

digital transformation and sustainable energy transitions, ensuring long-term 

competitiveness within global agri-food logistics networks. 
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Table 2.9. Material and Technical Components of Agricultural 

Logistics Systems and Their Functional Roles 

Component Core Functions Key Performance 
Indicators (KPIs) 

Modernization 
Trends 

Representative 
Sources/Examples 

Transport and 
Vehicle Fleet 

Ensures mobility 
of agricultural 

goods across the 
supply chain; 

supports timely 
delivery, 

flexibility, and 
market access. 

Share of logistics 
costs in total 

expenditure; fuel 
efficiency; vehicle 

renewal rate; 
average delivery 

time. 

Introduction of 
telematics, 

hybrid/electric 
vehicles, 

multimodal 
transport (road–

rail–river). 

Kernel, MHP 
(Ukraine); 

AgriLogistics 4.0 
(Germany); FAO 

(2022). 

Storage and 
Transshipment 
Infrastructure 

Stabilizes supply 
chain flows, 

prevents post-
harvest losses, 

maintains 
product quality 
during storage 

and export. 

Ratio of storage 
capacity to annual 

output; post-
harvest loss rate; 

energy use per ton 
stored. 

Automation of 
climate control, 
modular silos, 

energy-efficient 
warehouses, 
cooperative 

storage systems. 

Poland (1.2:1 
capacity ratio), 
France (digital 
silos); Storto 

(2023). 

Handling and 
Packaging 
Equipment 

Facilitates safe 
and continuous 
product transfer 

between logistics 
stages; reduces 

manual labor and 
contamination 

risks. 

Average 
loading/unloading 
cycle time; labor 

intensity; 
packaging waste 

percentage. 

Robotics, eco-
packaging, 
automated 

labeling and 
conveyor 

systems, digital 
integration with 

WMS. 

EU grain 
exporters; 

Bowersox et al. 
(2013); Liu 

(2024). 

Energy and Fuel 
Systems 

Provides energy 
security for 
transport, 

storage, and 
processing; 

ensures logistics 
continuity in 

remote or high-
risk zones. 

Fuel cost share; 
CO₂ emissions per 

ton-kilometer; 
share of renewable 
energy in logistics. 

Biofuels, solar-
powered 

warehouses, 
hybrid tractors, 
decentralized 
microgrids. 

BMEL (2022); 
Mahabadi, Varga 
& Dolan (2021). 

Digital and ICT 
Infrastructure 

Serves as the 
analytical and 

predictive 
backbone of 

logistics; 
integrates real-

time monitoring, 
predictive 

analytics, and 
decision-making. 

Digitalization level 
(% processes 
automated); 

logistics efficiency 
gain; downtime 

reduction. 

ERP, IoT, 
blockchain 

traceability, AI-
driven 

optimization, 
cloud logistics 

platforms. 

Liu (2024); Ivanov 
& Dolgui (2020); 

European 
Commission 

(2023). 

Source: systematized by the author 
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2. Comparative Statistical Analysis and Institutional 

Modernization Mechanisms. A comparative view across grain-oriented 

economies shows that logistics performance in agriculture hinges on five 

interlocking subsystems: (1) transport and fleet readiness; (2) storage and 

transshipment capacity/quality; (3) handling and packaging automation; (4) 

energy reliability and decarbonization; and (5) digital/ICT enablement. 

Cross-country evidence suggests that the marginal gains from upgrading any 

single subsystem are amplified when coordination mechanisms and data 

interoperability exist across the value chain (Christopher, 2016; Ivanov & 

Dolgui, 2020; Mahabadi, Varga, & Dolan, 2021). 

Transport and fleet. In upper-performing EU cases (e.g., France, 

Germany), higher annual fleet renewal (≈18–20%) and a larger rail/water 

modal share correlate with lower unit transport costs and reduced volatility 

during harvest peaks (Eurostat, 2023; OECD, 2022). By contrast, systems 

with heavy road dependence and older fleets face higher fuel elasticities and 

more frequent congestion, raising costs by double-digit percentages in peak 

months (FAO, 2022; European Commission, 2023). 

Storage and transshipment. Countries with a storage-to-output ratio 

≥1.0–1.2 (France, Poland) buffer seasonality, defer sales into better price 

windows, and hold quality via modern climate control (Storto, 2023). Ratios 

below ≈0.8 (common in some transition and export-oriented systems) push 

early discount sales, elevate post-harvest losses (often 12–20%), and 

propagate port-side congestion (FAO, 2021; Storto, 2023). 

Handling and packaging. Automation (robotic conveyors, automated 

sampling, AI-supported quality control) compresses cycle times by ~25–

30% and reduces contamination risk–both critical for premium export 
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contracts that penalize quality deviations (Bowersox, Closs, & Cooper, 

2013; Liu, 2024). 

Energy and fuel systems. Logistics continuity is strongly path-

dependent on fuel and power reliability. Programs like AgriLogistics 4.0 

(Germany) report ~24% fuel savings and CO₂ reductions through hybrid 

fleets and solar-powered terminals; these figures are representative of what 

structured decarbonization plus telematics can deliver (BMEL, 2022). 

Where energy is insecure (remote/rural corridors, conflict-affected areas), 

micro-grids and fuel diversification measurably reduce disruption cascades 

(Mahabadi et al., 2021). 

Digital/ICT infrastructure. ERP–WMS–TMS integration with IoT 

telemetry yields step-changes in visibility and predictive control, with 

empirical studies reporting 10–15% logistics cost reductions (ERP) and 12–

20% lower storage losses (WMS), while TMS reduces empty runs and 

improves on-time performance (FAO, 2021; Liu, 2024). The scalability of 

cloud platforms means SMEs and cooperatives can access enterprise-grade 

tools at lower entry costs, provided data standards and training are in place 

(European Commission, 2023). 

Overall, the cross-country pattern is clear: physical capacity without 

digital control underperforms, and digitalization without physical bottleneck 

relief underdelivers. The productive frontier is achieved when assets, energy, 

and data are co-optimized and governed through coherent, multi-actor 

institutions.Institutional modernization mechanisms: from projects to 

systems. To convert discrete upgrades into system-level gains, reforms must 

target rules, incentives, and coordination–not only assets. Four levers recur 

in successful cases: 
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1. Integrated national logistics strategies (INLS). Aligning 

road/rail/port, energy, and ICT investment under one agricultural logistics 

plan prevents stranded assets and supports corridor logic from farm-gate to 

export terminal (Christopher, 2016; European Commission, 2023). 

2. Public–private partnerships (PPP) and cooperative finance. PPPs 

de-risk silo modernization, intermodal terminals, and rural road 

maintenance; cooperative storage and shared TMS/WMS subscriptions 

expand access for smallholders, lifting system utilization and price 

realization (Liu, 2024; OECD, 2022). 

3. Border and certification digitalization. E-certificates, pre-arrival 

customs, and SPS e-registries shrink clearance times while improving 

compliance predictability, a prerequisite for premium market access (FAO, 

2022; European Commission, 2023). 

4. Standards and data governance. Interoperable data 

(ERP/WMS/TMS APIs, IoT schemas), logistics KPIs, and ESG/ISO 14001 

adoption enable benchmarking and green corridor eligibility; trustworthy 

traceability (incl. blockchain pilots) supports high-value contracts (Ivanov & 

Dolgui, 2020; Storto, 2023). 

When these levers are sequenced–e.g., standards → digital customs → 

PPP storage → corridor-wide TMS–spillovers multiply: shorter harvest 

queues, less spoilage, lower CO₂ per ton-km, and higher export premiums. 

The tables 2.10-2.11 present a comparative and institutionalized view 

of logistics modernization across agricultural economies.  
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Table 2. Comparative Indicators of Agricultural Logistics Subsystems 

(Indicative Benchmarks) 

Country 
Fleet 

Renewal 
(annual) 

Storage : 
Output 
Ratio 

Post-
Harvest 

Loss 
(grains) 

Modal Mix 
(Rail/Water 

share) 

Digital 
Integration 

(ERP–
WMS–
TMS) 

Representative 
Notes 

France 18–20% 1.2–1.3 : 
1 8–12% High High 

Digital silos; 
coordinated rail–

port access 
(Eurostat, 2023; 
Storto, 2023). 

Germany 18–20% ≈1.1 : 1 8–10% High High 

AgriLogistics 4.0 
shows ~24% fuel 
savings (BMEL, 

2022). 

Poland 16–18% 1.1–1.2 : 
1 10–14% Medium–

High 
Medium–

High 

Cooperative 
storage 

expansion; EU 
funds (OECD, 

2022). 

Canada 15–18% ≈1.0 : 1 10–13% High High 

Long rail 
corridors; 

advanced TMS 
(FAO, 2022). 

Brazil 12–15% 0.9–1.0 : 
1 12–18% Medium Medium 

Road-heavy; 
rising cloud SCM 

(OECD, 2022; 
FAO, 2022). 

Ukraine ≤10% 0.7–0.8 : 
1 12–20% Medium Medium 

Modernization 
ongoing; conflict-

related 
constraints 

(Eurostat, 2023; 
FAO, 2021). 

Kazakhstan 10–12% 0.7–0.8 : 
1 14–20% Medium Medium 

Corridor 
investments; 

storage quality 
gaps (OECD, 

2022). 
Notes: Values are indicative ranges compiled from multi-source literature to show relative positions and 
improvement directions; actual figures vary by region and year (FAO, 2021, 2022; Eurostat, 2023; OECD, 
2022; BMEL, 2022; European Commission, 2023; Storto, 2023; Liu, 2024). 

 

Table 2.10 summarizes measurable indicators of logistics performance–

covering transport renewal, storage efficiency, post-harvest loss rates, modal 

distribution, and digital integration–based on representative data from the 
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European Union, North America, and post-Soviet transition economies. It 

captures the structural heterogeneity of logistics systems and underscores the 

persistent productivity gap between countries with integrated, digitized 

logistics frameworks and those still reliant on fragmented, asset-heavy 

infrastructures. 

The cross-country analysis (Table 2) demonstrates that logistics 

efficiency in the agricultural sector correlates strongly with balanced 

development across physical, digital, and institutional domains. High-

performing systems–such as those in France, Germany, and Poland–combine 

modernized transport fleets, adequate storage ratios, and high degrees of 

digital integration, resulting in stable supply chains and reduced volatility. 

Conversely, lagging economies like Ukraine and Kazakhstan reveal the 

structural costs of under-investment, limited multimodal access, and weak 

ICT adoption. 

Table 2.11 complements this quantitative comparison by mapping the 

institutional modernization mechanisms that underpin successful logistics 

reforms. It identifies the main policy levers–such as integrated national 

logistics strategies, public–private partnerships (PPPs), digital border 

management, standards and data governance, energy decarbonization, and 

workforce digitalization–that transform discrete infrastructure projects into 

self-sustaining systems. Together, these tables illustrate both the empirical 

baseline of logistics performance and the governance architecture required 

to achieve convergence toward international efficiency and sustainability 

benchmarks. 
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Table 2.11. Institutional Modernization Mechanisms for Agricultural 

Logistics 

Mechanism Policy/Instrument Expected System 
Effect Outcome Metrics Key 

Risks/Mitigations 
INLS 

(Integrated 
National 
Logistics 
Strategy) 

Corridor-based 
planning; joint 
agri-transport-

energy-ICT 
budgeting 

Asset 
interoperability; 

reduced 
bottlenecks 

Lead-time to 
port; ton-km rail 

share; harvest 
queue hours 

Coordination failure 
→ inter-ministerial 

task forces, KPI 
dashboards 

PPP & 
Cooperative 

Finance 

PPP for silos, 
intermodal hubs; 

cooperative 
WMS/TMS 

subscriptions 

Capex leverage; 
SME access; 

higher utilization 

Storage : output 
ratio; WMS 

adoption; loss 
rate (%) 

Affordability → 
tiered tariffs, 
concessional 

finance 

Digital Borders 
& SPS 

e-certificates; pre-
arrival customs; e-

SPS 

Lower clearance 
time/variability; 
premium access 

Hours to clear; 
reject rates; trade 

cycle time 

Interop gaps → 
common data 

standards, sandbox 
pilots 

Standards & 
Data 

Governance 

API standards; 
ERP–WMS–TMS 
schemas; ESG/ISO 

14001 

Benchmarking; 
green lanes; 

trusted 
traceability 

% flows with 
traceability; CO₂ 

per ton-km 

Compliance burden 
→ phased adoption, 

templates 

Energy 
Resilience & 

Decarb 

Hybrid fleets; solar 
warehouses; 

biofuels; micro-
grids 

Fewer 
disruptions; 
lower fuel 

cost/emissions 

Fuel per ton-km; 
outage hours; 
CO₂ intensity 

Upfront cost → 
green credits, 
results-based 

finance 

Skills & Change 
Management 

Digital literacy, 
logistics analytics, 

PPP skills 

Adoption 
velocity; 
sustained 

performance 

Training hours; 
automation 
coverage % 

Staff turnover → 
continuous learning 

programs 

Source: systematized by the author 

 

Institutional mechanisms (Table 2.11) provide the strategic framework 

through which these technical improvements can scale and persist. Integrated 

strategies and PPP financing enable coherent investments; digital border 

reforms and standardized data protocols ensure interoperability; while 

decarbonization and digital-skills initiatives enhance system resilience and 

ESG alignment. In synthesis, the tables collectively confirm that agricultural 

logistics modernization is not achieved through infrastructure alone but 

through the synergy of governance, technology, and sustainable energy 
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transitions–the essential triad for building adaptive, future-ready logistics 

ecosystems. 

Comparative evidence shows that performance gaps in agricultural 

logistics are multi-cause and multi-solution. Countries and regions that 

orchestrate synchronized upgrades–modern fleets and intermodal options, 

climate-controlled storage, automated handling, resilient energy, and 

integrated digital control–achieve reliably lower unit costs and higher quality 

compliance. Institutional mechanisms (INLS, PPPs, e-borders, standards) 

are the force multipliers that convert projects into a durable, competitive 

logistics system (Christopher, 2016; FAO, 2021; BMEL, 2022; Storto, 

2023). 
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Chapter 3 
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Production 
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3.1. Directions for Improving the Efficiency of Logistics 

Operations 
Improving the efficiency of logistics operations in the agricultural 

sector represents both a strategic necessity and a macroeconomic priority in 

the context of growing global competition, rising transport costs, and the 

transition to sustainable production systems. As Christopher (2016) notes, 

logistics efficiency is no longer measured solely by cost reduction, but also 

by time responsiveness, digital adaptability, energy efficiency, and system 

resilience. For grain-oriented enterprises, which manage high-volume and 

low-margin goods, small percentage improvements in operational 

performance can translate into significant financial and environmental gains. 

Therefore, optimization must be pursued through a comprehensive model 

that integrates physical, digital, organizational, and regulatory innovations. 

1. Digital Transformation and Process Automation. Digital 

transformation has become the primary catalyst for increasing the efficiency, 

adaptability, and competitiveness of logistics systems within the agricultural 

sector. The convergence of enterprise resource planning (ERP), warehouse 

management systems (WMS), transportation management systems (TMS), 

Internet of Things (IoT) technologies, and artificial intelligence (AI) has 

reshaped traditional models of supply-chain coordination. As noted by Liu 

(2024), enterprises that digitize end-to-end logistics processes achieve cost 

reductions of 15–20 %, a 30 % acceleration in information exchange, and 

measurable improvements in service reliability. 

At the operational level, ERP systems serve as the digital backbone of 

logistics management, integrating procurement, inventory, production, and 
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distribution data into a unified analytical environment. This interconnectivity 

minimizes data fragmentation and enables predictive decision-making. For 

instance, SAP S/4HANA and Microsoft Dynamics platforms deployed by 

leading agribusinesses in Eastern Europe synchronize planting schedules 

with warehouse availability and shipping timetables, reducing idle storage 

time and demurrage costs (FAO, 2022). By providing a single source of 

truth, ERP solutions eliminate redundant processes and strengthen financial 

transparency across multi-site operations. 

Complementing ERP, WMS platforms automate micro-logistics at the 

storage and transshipment level. They manage product placement, 

temperature control, and moisture monitoring through sensor networks, 

ensuring compliance with international food-safety standards. Research by 

Storto (2023) confirms that enterprises using digital warehouse systems cut 

post-harvest losses by 12–20 % and achieve inventory accuracy rates above 

98 %. The use of RFID tagging and automated order picking further 

enhances throughput, particularly for high-turnover grain clusters. 

TMS technologies extend automation to the transport domain, where 

AI-driven routing engines calculate optimal delivery paths based on weather, 

congestion, and infrastructure constraints. Studies by Mahabadi, Varga, and 

Dolan (2021) show that TMS implementation can lower average transport 

costs by 12 % and reduce delivery-time variance by 25 %. When coupled 

with telematics and GPS tracking, TMS provides real-time situational 

awareness, allowing dispatchers to dynamically reroute shipments in 

response to geopolitical or climatic disruptions. 

An emerging frontier is the use of digital twins–virtual models of 

logistics facilities and networks that simulate performance under different 
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scenarios. These digital replicas allow managers to predict system 

bottlenecks, test energy-efficiency improvements, or assess the impact of 

infrastructure outages before they occur. Ivanov and Dolgui (2020) argue 

that digital-twin-enabled supply chains recover from disturbances 40 % 

faster, underscoring the resilience benefits of virtualization. 

Moreover, AI-powered predictive analytics transform logistics from 

reactive scheduling to proactive orchestration. Algorithms analyze multi-

source data–weather forecasts, commodity prices, satellite imagery, and 

sensor outputs–to anticipate congestion points, machinery failures, or 

fluctuations in export demand. Machine-learning-based models also improve 

fleet maintenance by predicting component wear, extending vehicle lifespan, 

and preventing unplanned downtime by up to 30 % (FAO, 2022). 

The integration of IoT ecosystems completes this digital architecture. 

Embedded sensors transmit real-time data on vehicle location, cargo 

condition, and energy use, linking physical assets to cloud-based dashboards. 

Such interconnectivity not only enhances transparency but also facilitates 

compliance with traceability and ESG reporting standards. When IoT, AI, 

and ERP are combined, logistics operations transition into self-regulating 

cyber-physical systems capable of optimizing themselves with minimal 

human intervention. 

However, digital transformation also entails structural challenges. Data 

interoperability, cybersecurity, and the uneven digital literacy of rural 

personnel remain barriers to full adoption. In many post-transition 

economies, fragmented ICT standards and unreliable broadband coverage 

slow integration, particularly outside major transport corridors. Overcoming 

these constraints requires state-supported digital infrastructure, public-
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private data standards, and targeted training programs for logistics managers 

and technicians. 

In summary, digital transformation and process automation in 

agricultural logistics represent more than technological upgrades–they 

embody a paradigm shift from manual, cost-driven management to data-

centric, predictive, and adaptive governance. As logistics chains become 

increasingly interlinked and intelligent, digitalization ensures not only 

efficiency gains but also strategic resilience in the face of global market 

volatility, climate risks, and supply-chain disruptions. 

An emerging frontier is the use of digital twins–virtual models of 

logistics facilities and networks that simulate performance under different 

scenarios. These digital replicas allow managers to predict system 

bottlenecks, test energy-efficiency improvements, or assess the impact of 

infrastructure outages before they occur. Ivanov and Dolgui (2020) argue 

that digital-twin-enabled supply chains recover from disturbances 40 % 

faster, underscoring the resilience benefits of virtualization. 

Moreover, AI-powered predictive analytics transform logistics from 

reactive scheduling to proactive orchestration. Algorithms analyze multi-

source data–weather forecasts, commodity prices, satellite imagery, and 

sensor outputs–to anticipate congestion points, machinery failures, or 

fluctuations in export demand. Machine-learning-based models also improve 

fleet maintenance by predicting component wear, extending vehicle lifespan, 

and preventing unplanned downtime by up to 30 % (FAO, 2022). 

The integration of IoT ecosystems completes this digital architecture. 

Embedded sensors transmit real-time data on vehicle location, cargo 

condition, and energy use, linking physical assets to cloud-based dashboards. 
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Such interconnectivity not only enhances transparency but also facilitates 

compliance with traceability and ESG reporting standards. When IoT, AI, 

and ERP are combined, logistics operations transition into self-regulating 

cyber-physical systems capable of optimizing themselves with minimal 

human intervention. 

However, digital transformation also entails structural challenges. Data 

interoperability, cybersecurity, and the uneven digital literacy of rural 

personnel remain barriers to full adoption. In many post-transition 

economies, fragmented ICT standards and unreliable broadband coverage 

slow integration, particularly outside major transport corridors. Overcoming 

these constraints requires state-supported digital infrastructure, public-

private data standards, and targeted training programs for logistics managers 

and technicians. 

In summary, digital transformation and process automation in 

agricultural logistics represent more than technological upgrades–they 

embody a paradigm shift from manual, cost-driven management to data-

centric, predictive, and adaptive governance. As logistics chains become 

increasingly interlinked and intelligent, digitalization ensures not only 

efficiency gains but also strategic resilience in the face of global market 

volatility, climate risks, and supply-chain disruptions. 

2. Infrastructure Modernization and Asset Renewal. Infrastructure 

modernization in agricultural logistics is not only a capital-intensive process 

but a strategic realignment of the physical, digital, and institutional pillars 

that determine sectoral productivity. It involves the coordinated renewal of 

transport networks, storage systems, and energy infrastructure, accompanied 

by digital integration and governance reform. As Christopher (2016) and 
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Waters (2011) observe, logistics infrastructure acts as a “structural 

amplifier” of competitiveness: improvements in physical assets create 

compound effects across supply-chain performance, employment, and trade 

resilience. 

Transport connectivity remains the most decisive component of 

logistics modernization. According to Eurostat (2023), EU states with 

freight-vehicle renewal rates above 18 % achieve logistics costs 12–15 % 

lower than transition economies, where renewal stagnates below 10 %. In 

Ukraine and Kazakhstan, worn-out rolling stock and under-maintained roads 

account for nearly 40 % of all supply-chain delays (Storto, 2023). The 

transition toward multimodal terminals and the replacement of obsolete 

wagons with high-capacity grain hoppers are therefore essential measures 

for restoring competitiveness. 

Storage modernization yields direct productivity benefits. Advanced 

elevator systems with automated temperature and humidity control reduce 

spoilage by 15–20 % (FAO, 2022). The indicator of storage capacity to 

production ratio captures the degree of infrastructural adequacy: while 

Poland and France exceed 1.2:1, Ukraine and Kazakhstan hover around 

0.7:1, exposing structural bottlenecks. 

This comparative table 3.1 highlights three main patterns. First, fleet 

renewal and storage adequacy remain the most influential determinants of 

logistics efficiency. Countries with balanced investment in both categories 

(e.g., France, Finland, Poland) achieve superior Logistics Performance Index 

(LPI) scores and more stable export cycles. 
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Table 3.1. Comparative Indicators of Infrastructure Modernization and Asset Efficiency 

in Agricultural Logistics (2020–2024) 

Country 

Fleet 
Renewal 

Rate 
(%/year) 

Storage-to-
Production 

Ratio 

Share of 
Multimodal 

Transport (%) 

Fuel Efficiency 
Improvement 

(%) 

Post-Harvest 
Loss 

Reduction (%) 

Public/Private 
Investments 

(USD billion) 
Key Results / Outcomes 

Finland 22 1.3 : 1 48 25 19 2.3 
High logistics performance 

(LPI 3.9); strong ESG 
alignment 

France 19 1.25 : 1 44 20 18 2.8 Stable export flows; optimized 
multimodal hubs 

Poland 17 1.2 : 1 37 18 17 1.9 
Reduced congestion at port 
terminals; improved export 

turnaround 

Estonia 16 1.1 : 1 35 17 15 1.5 
Enhanced port throughput (+30 

%); digital port logistics 
integration 

Kazakhstan 9 0.8 : 1 21 12 10 10 
Infrastructure diversification 
via Middle Corridor; reduced 

geopolitical risk 

Ukraine 8 0.7 : 1 18 10 9 0.9 
Partial recovery under wartime 

constraints; ongoing 
modernization efforts 

Source: systematized by the author 



Second, the adoption of multimodal transport–rail-river-road 

integration–correlates strongly with energy efficiency and reduced 

congestion. In Estonia and Finland, where multimodal logistics exceed 35 % 

of total agricultural freight, per-ton transport costs are 10–18 % lower than 

in mono-modal systems (OECD, 2022). 

Third, investment scale and institutional continuity determine 

sustainability. Kazakhstan’s long-term investment program ($10 billion, 

2022–2026) demonstrates how large-scale infrastructure commitments can 

transform trade routes and resilience, while Ukraine’s constrained financing 

base limits renewal despite strong operational reforms. 

Beyond physical and financial indicators, modernization increasingly 

integrates sustainability metrics. Germany’s AgriLogistics 4.0 initiative and 

the EU Fit for 55 framework illustrate that hybrid energy logistics centers–

combining solar, wind, and biofuel technologies–can reduce carbon 

emissions by 25–35 % and operating fuel costs by 20–24 % (BMEL, 2022). 

In agricultural logistics, this transition not only fulfills ESG standards but 

also stabilizes energy budgets in volatile markets. 

The modernization process depends on robust institutional and human 

capacities. PPP frameworks, concession models, and ISO 55000-compliant 

asset management systems enhance efficiency and attract foreign capital. 

Equally important is skills modernization–training technicians in predictive 

maintenance, data analytics, and smart-infrastructure management. OECD 

(2022) data show that firms allocating ≥ 2 % of operating budgets to 

workforce upskilling improve logistics productivity by 15 %. 

Infrastructure modernization and asset renewal are multidimensional 

strategic levers for advancing agricultural logistics. They synthesize physical 

reconstruction, energy transition, digital integration, and institutional 

evolution into a unified modernization trajectory. Countries that pursue a 

balanced portfolio–combining hardware investment(transport, storage) with 

software development (digitalization, governance)–achieve not only lower 



                                 Logistics Management of Agricultural Grain Enterprises 
 
 

 
 
https://doi.org/10.36690/LMAGE                       ISBN 978-9916-9320-4-9 (pdf) 

© Scientific Center of Innovative Research, 2025 
 155 

logistics costs but also greater adaptability to market shocks and climate 

challenges. The comparative evidence underscores that the future of 

agricultural logistics lies in smart, sustainable, and resilient infrastructure 

ecosystems, serving as both economic multipliers and instruments of 

national security. 

3. Supply Chain Integration and Coordination Mechanisms. The 

modernization of agricultural logistics transcends the technical renewal of 

physical assets – it depends fundamentally on institutional coordination and 

system integration. The logistics performance of an agricultural enterprise is 

determined not only by its individual efficiency but also by the 

synchronization of all actors within the supply chain – farmers, processors, 

carriers, traders, port operators, and state regulators. As Mentzer et al. (2001) 

and Christopher (2016) note, logistics efficiency emerges as a collective 

phenomenon: coordination reduces redundancies, balances capacity 

utilization, and generates network resilience. 

Historically, agricultural logistics operated as a linear sequence – 

production, storage, transport, sale – with minimal feedback loops. The 

contemporary paradigm, however, is networked integration, where flows of 

goods, information, and finance circulate continuously across multiple 

nodes. This model aligns with the “Collaborative Supply Chain” concept 

(Skjoett-Larsen et al., 2003), emphasizing trust-based partnerships, data 

transparency, and mutual accountability. In the agricultural context, where 

supply chains are geographically dispersed and seasonally constrained, the 

transition from linear to network systems allows for flexibility in managing 

climatic shocks, market volatility, and geopolitical disruptions. 
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Integration within agricultural logistics is operationalized through 

institutional frameworks that promote joint decision-making and data 

exchange. Public–private partnerships (PPPs) and regional logistics councils 

serve as mechanisms for aligning public investment with private operational 

expertise. Liu (2024) stresses that the efficiency of logistics systems in 

developing economies increases by up to 35 % when coordination between 

ministries of agriculture, transport authorities, and logistics associations is 

institutionalized. 

Such governance structures prevent fragmentation – a common 

problem in post-transition economies – and promote standardized 

procedures for certification, customs clearance, and quality control. 

A particularly successful model of coordination is the formation of 

logistics clusters – geographically concentrated ecosystems where multiple 

supply chain actors co-locate and share resources. The Greenports Holland 

network in the Netherlands exemplifies this approach: by integrating 

producers, distributors, cold storage operators, and customs authorities, it 

achieved a 27 % reduction in logistics time and a 15 % increase in export 

turnover (Ploos van Amstel & van Goor, 2020). 

Similarly, in Eastern Europe, Poland’s Agri-Logistics Corridors project 

demonstrates that clustering grain elevators, transport hubs, and analytical 

laboratories within 150 km zones reduces idle fleet time by 18 %. 

Clusters function not only as infrastructure hubs but also as institutional 

learning environments – sites of knowledge exchange and joint innovation. 

As Ivanov and Dolgui (2020) argue, such environments foster adaptive 

resilience: a system-level capacity to absorb disruption while maintaining 

functional continuity. 
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The evidence demonstrates that institutional and spatial integration 

jointly determine the efficiency of agricultural logistics. Clusters and RLHs 

enhance horizontal coordination among producers and logistics firms, while 

PPPs ensure vertical coordination between government policy and private 

capital. Meanwhile, digital platforms bridge both dimensions by enabling 

information symmetry – the foundation of trust and efficiency. 

In advanced economies (Netherlands, France, Finland), these models 

coexist synergistically: digital traceability complements cluster logistics, 

while PPPs guarantee infrastructure sustainability. In contrast, transitional 

economies (Ukraine, Kazakhstan) still face fragmented institutional systems 

that slow coordination and investment cycles, despite strong private sector 

initiative. 

Digital transformation amplifies coordination effects through shared 

logistics intelligence. ERP, WMS, and blockchain systems allow automatic 

data synchronization between suppliers, freight carriers, and port authorities. 

As Ivanov et al. (2019) observe, integrated digital networks reduce 

transaction costs by 35–40 %, eliminate manual data entry errors, and 

accelerate financial settlements. 

Furthermore, smart contracts in blockchain-based logistics enable 

automated verification of deliveries, triggering payments without 

intermediaries – a key step toward financial transparency in agricultural 

exports. 

Integrated supply chains produce spillover benefits beyond logistics 

efficiency. They strengthen regional economic ecosystems, stimulate 

employment, and increase fiscal revenues. OECD (2022) findings indicate 

that every $1 million invested in agri-logistics clusters generates an 
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additional $1.3 million in regional GDP through multiplier effects in 

processing, trade, and service industries. 

Supply chain integration and coordination mechanisms are the 

organizational foundation of modern agricultural logistics. Their impact 

surpasses that of isolated infrastructure or technology upgrades: they 

transform fragmented supply networks into collaborative ecosystems 

capable of adaptive learning, digital transparency, and systemic resilience. 

The integration of cluster development, digital platforms, and PPP 

governance represents not only an operational imperative but a strategic 

paradigm shift toward sustainable, competitive, and intelligent agrologistics. 

4. Energy Optimization and Environmental Sustainability. Energy 

optimization in agricultural logistics represents an essential intersection of 

economic competitiveness, technological innovation, and environmental 

governance. The rapid global transition toward low-carbon systems has 

placed logistics energy management at the forefront of agricultural 

modernization strategies. As Mahabadi, Varga, and Dolan (2021) argue, the 

carbon and fuel intensity of logistics directly influences national food 

security and trade sustainability. This section integrates comparative models 

of energy efficiency policies and examines their implementation across 

Europe, post-Soviet economies, and selected Asian states. 

Energy efficiency in logistics operates as both a cost-control 

mechanism and a resilience factor. Christopher (2016) frames logistics 

energy management as the foundation of supply chain agility: efficient 

energy use not only reduces expenses but also mitigates disruptions linked 

to fuel shortages, price shocks, or geopolitical crises. 
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In agricultural logistics, where transport, storage, and drying consume 

over 35% of operational energy, optimization strategies such as hybrid 

vehicle adoption, route digitalization, and renewable energy integration have 

measurable effects on enterprise profitability and carbon neutrality (BMEL, 

2022). 

Countries have adopted diverse but convergent energy-optimization 

frameworks shaped by institutional capacity and technological readiness. 

The table 3.2 illustrates that Europe leads in institutional maturity, where 

decarbonization is embedded within broader policy frameworks such as the 

EU Emissions Trading System and Horizon Europe innovation programs. 

Nordic countries, particularly Finland and Sweden, complement these 

policies with technological decentralization, promoting local biogas 

production and AI-assisted smart grids. 

Post-Soviet states (Ukraine, Kazakhstan) follow a transitional 

modernization path, where hybridization and renewable pilots coexist with 

legacy diesel infrastructure. Their progress is hampered by financing 

constraints and energy-security vulnerabilities, yet targeted PPP projects and 

donor-driven initiatives (e.g., EBRD Green Cities, UNDP Energy 

Transition) are accelerating convergence toward EU standards. 

In contrast, Asian economies, notably India, Vietnam, and Indonesia, 

integrate renewable energy logistics into regional trade corridors, leveraging 

scale and rapid technology diffusion. Their success stems from combining 

energy transition with industrial policy – a model increasingly studied by 

OECD experts as an adaptive blueprint for emerging markets. 
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Table 3.2. Comparative Models of Energy Efficiency Policy in 

Agricultural Logistics (2020–2025) 

Policy Model 
/ Region 

Core 
Instruments 

Target 
Sectors 

Renewabl
e Energy 
Share in 
Logistics 

(%) 

Estimate
d CO₂ 

Reductio
n (2020–

2025) 

Institutional 
Mechanism

s 

Key 
Examples / 
Outcomes 

EU Green 
Logistics 

Model 

Carbon 
pricing 

(ETS), green 
credits, ISO 

50001 
compliance, 

public–
private R&D 

Transport, 
storage, 

port 
logistics 

38–45 35 % 

European 
Green Deal, 
Fit for 55, 
Horizon 
Europe 

Germany’s 
AgriLogistics 
4.0: 24 % fuel 
saving, 35 % 

CO₂ 
reduction 
(BMEL, 

2022) 

Nordic 
Energy-

Resilience 
Model 

Biofuels, 
smart-grid 
logistics 

hubs, eco-
driving 

incentives 

Agriculture
, forestry, 

cold chains 
40–50 32 % 

National 
energy 

agencies, 
PPPs, AI-

driven 
energy 

planning 

Finland 
BioCorridor 
2030: 42 % 
renewable 

share, +14 % 
export 

efficiency 
(OECD, 
2022) 

Post-Soviet 
Modernizatio

n Model 

Hybrid fleet 
subsidies, 
renewable 

pilot projects, 
fuel storage 

diversificatio
n 

Rail and 
truck 

logistics 
18–25 15–20 % 

PPP 
concessions

, state 
investment 
programs 

Kazakhstan 
Middle 

Corridor: 16 
% fuel 

savings, –15 
% fuel 
imports 

(KazLogistics
, 2023) 

Ukrainian 
Transitional 

Model 

Decentralized 
solar storage, 
hybrid freight 

vehicles, 
energy 

auditing 

Grain 
transport, 
elevators 

25 20 % 

Green 
Recovery 
Plan, PPP 
& donor 
projects 

Kernel Smart 
Logistics: 17 

% fuel 
savings, +9 % 

reliability 
(Liu, 2024) 

Asian 
Renewable-

Logistics 
Model 

Biofuel 
blending, 

solar-
powered 

terminals, 
digital fuel 

tracking 

Maritime 
and inland 
transport 

30–35 28 % 

Regional 
energy 

corridors, 
state–
private 

innovation 
funds 

India–
ASEAN 

BioLogistics: 
CO₂ 

reduction of 
27 %, fuel 

savings of 19 
% (FAO, 

2022) 
Source: systematized by the author 
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Energy-efficiency policy in logistics extends beyond technical 

improvements – it redefines institutional coordination and regional 

governance. Integrating renewable energy requires synchronized planning 

between ministries of agriculture, transport, and energy, along with 

standardized measurement and verification protocols. The adoption of ISO 

50001 Energy Management Systems provides a unifying framework for such 

coordination. 

Moreover, financial innovation – green bonds, carbon credits, and 

energy-performance contracts – transforms sustainability from a regulatory 

cost into an investment opportunity. For example, the European Investment 

Bank’s Green Loan Facility offers 1.5 % lower interest rates to logistics 

operators demonstrating ≥ 25 % CO₂ reduction. 

The evolution of energy-optimization policies reveals a clear trajectory: 

1. Decentralization and self-sufficiency – enterprises increasingly rely on 

local renewable systems to secure energy independence. 

2. Digital convergence – EMS, IoT, and AI are merging into unified 

decision-support ecosystems that balance energy supply and demand in 

real time. 

3. Integrated ESG governance – environmental indicators are now linked 

to trade eligibility, investor confidence, and corporate reputation. 

According to the International Energy Agency (2024), full integration 

of renewables and AI-assisted energy management could cut logistics-sector 

emissions by 35–40 % globally by 2035, while raising operational 

profitability by 10–15 %. 

Energy optimization and environmental sustainability in agricultural 

logistics embody the transformation of logistics from a carbon-intensive 
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utility into a strategic pillar of the green economy. Comparative evidence 

from the EU, Nordic, post-Soviet, and Asian models demonstrates that the 

key to success lies in policy coherence, digital integration, and multi-level 

governance. Nations that integrate infrastructure modernization with 

renewable energy and smart technology adoption achieve a triple dividend: 

lower costs, lower emissions, and higher competitiveness. 

The ongoing shift marks the beginning of a new paradigm in 

agrologistics – one where energy systems are intelligent, decentralized, and 

regenerative, securing not only supply chains but the ecological foundations 

of future agricultural prosperity. 

5. Human Capital and Skills Development. Human capital is the 

intellectual engine of agricultural logistics transformation. No technological 

modernization–whether digital platforms, AI-driven optimization, or green 

energy transition–can succeed without parallel investment in the skills and 

competencies of the workforce. As emphasized by OECD (2022), logistics 

systems are human-centered ecosystems: technology adoption, innovation 

diffusion, and risk resilience all depend on the learning capacity of 

employees and managers. 

Human resources determine not only the operational capacity but also 

the absorptive capability of agricultural enterprises–their ability to 

internalize, adapt, and expand technological and organizational innovations 

(Cohen & Levinthal, 1990). In logistics, this translates into competencies in 

digital monitoring, predictive analytics, inventory management, and 

sustainable operations. 

The agricultural sector faces unique challenges: dispersed production, 

seasonal employment, and low digital literacy in rural areas. Consequently, 
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training logistics personnel is not a one-time intervention but a continuous 

learning cycleintegrated with enterprise strategy (Liu, 2024). Workforce 

adaptability ensures that infrastructure, technology, and institutional 

innovations yield measurable efficiency gains rather than remain 

underutilized investments. 

Cross-country studies confirm a strong correlation between skills 

development and logistics efficiency. According to the World Bank (2023), 

countries that allocate at least 2 % of their agricultural GDP to logistics-

related training exhibit a 15–20 % higher Logistics Performance Index (LPI) 

score compared to those with minimal training expenditures. 

OECD (2022) further reports that enterprises investing over 2 % of 

annual payroll in logistics training experience on average 12 % higher 

process efficiency, 10 % faster technology adoption, and 30 % lower error 

rates. These findings suggest that capacity building is not a social expense 

but a strategic productivity investment. 

The table 3.3 shows a consistent pattern–higher investment in logistics 

skills directly improves performance indicatorssuch as delivery speed, cost 

efficiency, and compliance with sustainability standards. Developed 

economies (Germany, Finland) benefit from structured PPP-based systems, 

while emerging economies (Ukraine, Brazil) rely on international 

partnerships to bridge training gaps. 

The institutionalization of training ecosystems forms the backbone of 

logistics human capital development. Governments and industry 

associations are establishing sectoral logistics competence centers, where 

academic institutions collaborate with agro-industrial companies to design 

tailored curricula. 
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Table 3.3. Relationship Between Human Capital Investment and 

Logistics Efficiency 

Country / 
Program 

Training 
Investment (% 

of Payroll) 

Improvement 
in Logistics 

Efficiency (%) 

Key 
Competency 

Areas 

Institutional 
Mechanisms Sources 

Germany – 
Log4Skills 
Initiative 

2.5 +14 

Green 
logistics, 

digital supply 
chain, ISO 

9001 & 14001 

PPP training 
centers, 

vocational 
academies 

OECD (2022) 

Finland – 
SmartLog 
Academy 

3.1 +17 

Predictive 
analytics, 

automation, 
sustainable 
transport 

Industry–
university 

partnerships 
OECD (2023) 

Poland – 
AgriTrain 
Program 

2.0 +11 

WMS/ERP 
management, 

inventory 
control 

EU-funded 
sectoral 
schools 

Eurostat 
(2023) 

Ukraine – 
Logistics 

Competence 
Hubs 

1.2 +8 

Digital 
traceability, 

export 
documentation 

Donor-led 
(FAO/EBRD) 

projects 
FAO (2022) 

Brazil – 
AgroTech 

Labs 
2.8 +15 

IoT, 
blockchain 
traceability, 

risk 
management 

State 
innovation 

clusters 

Mahabadi et 
al. (2021) 

Source: systematized by the author 

 

Examples include: 

- Germany’s Log4Skills Network, which links logistics firms with technical 

universities for dual-degree programs in sustainable transport 

management. 

- Finland’s SmartLog Academy, offering micro-credentials in predictive 

analytics, IoT integration, and digital risk management for logistics 

professionals. 
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- Ukraine’s Logistics Hubs under FAO–EBRD support, providing modular 

training on digital traceability, customs digitalization, and multimodal 

coordination. 

Such multi-actor partnerships ensure that training aligns with industry 

demand and global sustainability standards (Christopher, 2016). 

The emergence of digital logistics ecosystems–cloud platforms, 

blockchain traceability, and AI-driven optimization–has created a demand 

for hybrid specialists known as “digital navigators.” These professionals 

bridge operational logistics and digital analytics, managing real-time 

systems and interpreting data for decision-making. 

In cooperative or cluster-based logistics models, digital navigators play 

a vital role by supporting small and medium-sized farms in adopting digital 

solutions collectively. According to Liu (2024), clusters with embedded 

digital navigators demonstrate 25 % higher adoption of IoT solutions and 30 

% faster integration of ERP–TMS systems compared to unassisted 

enterprises. 

Human capital development in agricultural logistics extends beyond 

enterprises – it shapes regional economic resilienceand social inclusion. 

Training initiatives generate rural employment, attract youth to logistics 

professions, and promote gender equality in technical roles. FAO (2023) 

highlights that programs integrating women into digital logistics operations 

raise community income levels by 12 % and enhance regional innovation 

capacity. 

Moreover, investment in skills mitigates urban–rural disparities, 

enabling rural producers to engage in export logistics without intermediaries. 

The rise of “learning clusters”–regional knowledge ecosystems linking 

https://doi.org/10.36690/LMAGE


                                 Logistics Management of Agricultural Grain Enterprises 
 
 

 
 
https://doi.org/10.36690/LMAGE                       ISBN 978-9916-9320-4-9 (pdf) 

© Scientific Center of Innovative Research, 2025 
 166 

training centers, local universities, and agri-cooperatives–demonstrates how 

education becomes a catalyst for competitiveness. 

Human capital and skills development constitute the institutional 

foundation of logistics modernization. Technology, infrastructure, and 

finance may accelerate logistics operations, but only skilled professionals 

sustain long-term efficiency, adaptability, and innovation. 

Empirical data show that each additional percentage point invested in 

logistics training yields disproportionate gains in efficiency, sustainability, 

and resilience. Thus, the future of agrologistics lies not merely in smart 

systems or green fleets, but in smart, capable people. 

The integration of educational policy, enterprise strategy, and 

international cooperation transforms human capital from a supporting factor 

into the driving force of the agricultural logistics revolution – enabling the 

shift from reactive management to proactive, knowledge-based 

competitiveness. 

6. Digital transformation capacity-building in rural logistics 

clusters. Digital transformation has become the core enabler of 

competitiveness in rural agricultural logistics. It reshapes traditional supply 

chains into interconnected digital ecosystems capable of real-time 

coordination, predictive management, and sustainable growth. Yet, as FAO 

(2023) and OECD (2022) highlight, the transition remains uneven: rural 

enterprises often face structural barriers such as limited connectivity, skill 

shortages, and institutional fragmentation. Building digital capacity within 

logistics clusters is therefore both a development priority and a strategic 

innovation policy. 
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Rural logistics clusters–regional networks of farmers, cooperatives, 

logistics providers, and service companies–form the institutional backbone 

of agrologistics in developing economies. However, their digitalization 

depends on three interconnected pillars: 

1. Infrastructure readiness (connectivity, hardware, and cloud access). 

2. Human capital and digital literacy. 

3. Institutional and financial ecosystems supporting innovation. 

According to Liu (2024), only 40% of small agricultural logistics 

operators in Eastern Europe have adopted integrated ICT systems, compared 

to over 75% in Western Europe. The resulting digital asymmetry limits the 

scalability of logistics operations and prevents efficient resource utilization. 

To overcome this, capacity-building programs must shift focus from 

individual training to systemic digital empowerment–equipping entire 

clusters with interoperable platforms, governance mechanisms, and 

knowledge-sharing networks. 

Effective digital transformation requires structured learning ecosystems 

combining vocational education, lifelong learning, and practical mentorship. 

Best-practice programs demonstrate that modular, adaptive training 

frameworksoutperform traditional classroom instruction (Table 3.4). 

All successful initiatives combine practical, context-specific training 

with digital mentoring networks. The emphasis is on integrating ICT into 

daily operations rather than isolated learning. Mobile platforms and blended 

learning formats are crucial in overcoming rural remoteness and low Internet 

density. 

Digital capacity-building in rural logistics must be inclusive, addressing 

persistent gender and generational gaps. FAO (2023) reports that women 
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represent less than 20% of logistics management personnel in developing 

economies, yet training women in ICT roles correlates with a 12–15% 

increase in cluster productivity and stronger social resilience. 

Table 3.4. Training Frameworks for Digital Competence Development 
Program / 

Region 
Training 
Format 

Core Digital 
Competencies 

Target 
Audience 

Measured 
Outcomes Sources 

EU DigAgri 
Program 

(2021–2027) 

Blended 
learning, 
micro-

credentials 

ERP–WMS 
integration, 
cloud data 
analytics, 

cybersecurity 

SMEs, farm 
cooperatives 

+22% digital 
adoption, 

+15% export 
performance 

European 
Commission 

(2023) 

Ukraine – 
Digital Field 

Academy 
(FAO/EBRD) 

Hybrid 
bootcamps, 
mentoring 

GIS mapping, 
IoT 

monitoring, 
traceability 

systems 

Logistics 
managers, 
technicians 

+28% 
productivity, 

–12% 
logistical 

waste 

FAO (2023) 

Brazil – 
RuralTech 
Inclusion 

Plan 

Mobile 
learning, 
rural hubs 

AI-supported 
logistics, e-
certification 

Family 
farms, 

cooperatives 

+35% 
efficiency, 

+20% 
income 
growth 

Mahabadi et 
al. (2021) 

Kazakhstan – 
AgroCluster 
Digital Hub 

Cluster-
based peer 
learning 

Blockchain 
traceability, e-
documentation 

Transport 
and port 
operators 

+18% speed 
of cargo 
turnover 

KazLogistics 
(2023) 

Source: systematized by the author 

 

Programs integrating gender-sensitive modules–such as mentorship for 

female digital coordinators or family-friendly scheduling for training 

sessions–achieve higher retention and community impact. The Women in 

Logistics Digital Network (WiLDN) initiative in Poland and Ukraine, 

supported by EBRD, has trained over 3,000 women in logistics data 

management, IoT monitoring, and e-certification, leading to measurable 

gains in supply-chain transparency and rural entrepreneurship. 

Digital inclusion must also encompass youth engagement. OECD 

(2022) emphasizes that “rural logistics innovation ecosystems thrive when 
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young professionals are empowered as local digital champions.” Youth-led 

digital hubs act as bridges between academia and industry, ensuring 

generational continuity in logistics modernization. 

Policy frameworks supporting rural digital transformation must align 

three layers of governance (Table 3.5): 

- Macro-level: national digital and agricultural strategies (e.g., EU’s Digital 

Europe Programme or Ukraine’s Digital Economy Concept 2030). 

- Meso-level: regional innovation clusters, green transition funds, and 

technology accelerators. 

- Micro-level: enterprise-led initiatives integrating ICT with ESG 

objectives. 

Table 3.5. Key Policy Instruments Supporting Rural Digital Logistics 

Transformation 

Policy Level Instrument Mechanism Expected 
Impact Examples 

Macro 
(National) 

Digital 
Economy 
Strategies 

Fiscal 
incentives, 

ICT 
infrastructure 
investment 

National 
coverage, rural 

broadband 
expansion 

EU Digital 
Europe, 
Ukraine 

“Diia.Digital” 

Meso 
(Regional) 

Cluster 
Innovation 

Hubs 

PPPs, regional 
grants, digital 

incubators 

Enhanced 
cluster 

competitiveness, 
innovation 
spillovers 

Poland 
AgriDigital 

Clusters 

Micro 
(Enterprise) 

Digital 
Vouchers & 

Training 
Subsidies 

SME-focused 
co-financing 

Increased ICT 
adoption, 
capacity 
retention 

Romania’s 
RuralTech 

Fund, Brazil 
AgroConnect 

Source: systematized by the author 

 

Public–private partnerships (PPPs) are pivotal in coordinating these 

levels. They provide shared digital infrastructure (cloud servers, satellite 
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connectivity) and pool financial resources. According to Storto (2023), 

regions implementing PPP-based digital logistics hubs experience up to 30% 

faster ICT adoption than those relying solely on state subsidies. 

Furthermore, integrating open-data policies and interoperability 

standards enhances system transparency, facilitating participation by 

smallholders and cooperatives. 

Quantitative assessments reveal the transformative potential of digital 

capacity-building: 

- regions with established digital logistics clusters report productivity gains 

of 20–35% and logistics cost reductions of 10–15% (OECD, 2023); 

- clusters integrating gender and youth programs achieve higher retention 

rates (up to 85%) and greater community trust; 

- the presence of digital mentors (“navigators”) correlates with 30% faster 

adoption of ERP and IoT systems (Liu, 2024). 

Digital transformation capacity-building in rural logistics clusters is not 

an auxiliary activity–it is the structural foundation of sustainable 

competitiveness. When training frameworks, inclusivity measures, and 

institutional support converge, rural regions evolve from peripheral 

producers into digitally integrated logistics ecosystems. 

Such systems empower communities, reduce inequalities, and ensure 

resilience against market and climate disruptions. Future policy design 

should prioritize systemic digital inclusion, linking capacity-building 

programs with financial incentives, gender equality, and ESG-aligned 

innovation. 
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In this sense, digital competence becomes both an economic driver and 

a social contract, anchoring rural development in knowledge, technology, 

and shared prosperity. 

7. Performance Monitoring and Data Analytics. Efficient logistics 

management in the agricultural sector relies increasingly on data-driven 

decision-making. Performance monitoring and analytics provide the 

empirical foundation for identifying inefficiencies, forecasting disruptions, 

and enhancing resilience across complex supply chains. As Christopher 

(2016) observes, logistics excellence is not achieved through intuition but 

through continuous measurement, benchmarking, and feedback integration. 

Performance monitoring in logistics involves the systematic collection, 

processing, and interpretation of data related to cost, quality, time, and 

sustainability. It bridges strategic objectives with operational realities, 

ensuring that logistics activities remain aligned with enterprise goals. Ivanov 

and Dolgui (2020) emphasize that data maturity–the degree to which 

logistics decisions are informed by reliable, real-time analytics–is directly 

correlated with a system’s adaptive capacity. Networks with high data 

maturity recover from disruptions up to 40% faster than those relying solely 

on manual or fragmented monitoring processes. 

In agricultural logistics, performance monitoring plays an even greater 

role due to the volatility of external factors such as weather, energy prices, 

and geopolitical risks. Real-time analytics transform reactive management 

into predictive and preventive logistics governance. 

The effectiveness of logistics analytics depends on the identification 

and monitoring of key performance indicators (KPIs) that reflect both 

operational efficiency and sustainability goals. These indicators allow 
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managers to benchmark their operations, assess progress, and target specific 

areas for improvement. The most widely adopted KPIs are presented in Table 

3.6. 

Table 3.6. Integration of KPIs in Agricultural Logistics 

Category Key Indicators Interpretation and 
Practical Relevance 

Example Applications / 
Outcomes 

Cost 
Efficiency 

Cost per ton-
kilometer; logistics 
cost share of total 

revenue 

Measures operational 
cost discipline and 

energy use efficiency 

Reduction of transport cost 
by 12% through TMS 

optimization (Mahabadi et 
al., 2021) 

Timeliness & 
Reliability 

On-time delivery 
rate; order cycle time 

Evaluates logistics 
responsiveness and 

coordination 
accuracy 

Kernel’s ERP–TMS 
integration improved 

delivery accuracy to 94% 
(Liu, 2024) 

Asset 
Utilization 

Warehouse turnover; 
fleet utilization rate 

Indicates how 
efficiently storage 

and transport 
resources are 

employed 

15% increase in fleet 
utilization after IoT 

telematics adoption (FAO, 
2022) 

Sustainability 
Metrics 

Carbon intensity per 
ton-km; waste 
reduction rate 

Tracks 
environmental 

performance and 
ESG compliance 

25% CO₂ reduction via 
hybrid vehicle deployment 

(BMEL, 2022) 

Information 
Maturity 

Data accuracy rate; 
real-time tracking 

coverage 

Reflects the depth of 
digitalization and 

data reliability 

Companies with cloud 
dashboards achieve 35% 
faster disruption recovery 
(Ivanov & Dolgui, 2020) 

Customer and 
Partner 

Satisfaction 

Complaint rate; 
partner coordination 

index 

Measures ecosystem 
trust and 

transparency 

18% fewer disputes in 
blockchain-based 

traceability chains (Storto, 
2023) 

Source: systematized by the author 

 

Each indicator serves as a diagnostic lens into a distinct dimension of 

logistics performance: cost, speed, reliability, environmental impact, or 

cooperation. The inclusion of sustainability and information maturity metrics 

marks a paradigm shift–logistics is no longer judged solely by cost or speed, 

but by its contribution to resilience and transparency. 

https://doi.org/10.36690/LMAGE


                                 Logistics Management of Agricultural Grain Enterprises 
 
 

 
 
https://doi.org/10.36690/LMAGE                       ISBN 978-9916-9320-4-9 (pdf) 

© Scientific Center of Innovative Research, 2025 
 173 

Empirical studies show that enterprises integrating KPI dashboards into 

decision-making processes achieve substantial improvements: cost savings 

(10–15%), delivery accuracy (+8–12%), and carbon footprint reductions 

(20–25%)(OECD, 2023). Importantly, the combined use of economic and 

environmental KPIs encourages a balanced scorecard approach, where 

profitability and sustainability reinforce rather than compete with one 

another. 

The effectiveness of KPI-based monitoring depends on the 

technological backbone that supports data collection, integration, and 

interpretation. Modern agricultural logistics increasingly relies on: 

- Cloud-based dashboards (e.g., Power BI, SAP Analytics Cloud) enabling 

real-time visibility across supply networks. 

- IoT-enabled sensors capturing environmental and operational data 

(temperature, humidity, cargo position). 

- AI-driven predictive analytics, which simulate alternative scenarios–such 

as route disruptions or demand surges–allowing preemptive adjustments. 

- Blockchain-based audit trails, ensuring transparency and data 

immutability in logistics reporting. 

When implemented collectively, these technologies transform logistics 

monitoring into a self-learning system, where continuous data feedback 

drives operational evolution. 

The application of advanced analytics has shifted logistics from a 

support function to a strategic intelligence system. Through predictive 

benchmarking and real-time dashboards, decision-makers can identify 

bottlenecks before they emerge and simulate corrective measures. For 
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example, Big Data-driven routing in Poland’s AgriDigital Cluster cut 

delivery times by 18% while reducing empty runs by 22%. Similarly, 

Ukraine’s Kernel Smart Logistics platform uses AI forecasts to align harvest 

cycles with port availability, optimizing throughput and minimizing 

demurrage losses. 

Such applications demonstrate that analytics not only improve 

efficiency but also strengthen systemic resilience – the capacity to adapt to 

shocks, whether economic, environmental, or geopolitical. 

Table 3.7. Comparative Efficiency of Analytics Tools in Agricultural 

Logistics 

Analytical Tool Primary 
Function 

Data Source 
Integration 

Quantified 
Benefits 

Empirical 
Evidence 

ERP–WMS 
Integration 

Synchronizes 
inventory and 

transport 
planning 

Internal 
enterprise 
databases 

–12% 
operational 
costs, +15% 

delivery speed 

Liu (2024) 

IoT Monitoring 
Systems 

Tracks cargo 
conditions and 

movement 

Sensors, 
telematics, 

weather APIs 

–10% spoilage, 
+18% reliability FAO (2022) 

AI Predictive 
Platforms 

Forecasts 
disruptions, 

demand surges 

Cloud data 
lakes, satellite 

feeds 

–25% 
downtime, 
+30% route 
efficiency 

Ivanov & 
Dolgui (2020) 

Blockchain 
Traceability 

Tools 

Ensures 
transparency, 
combats fraud 

Supplier, 
customs, ESG 

registries 

–20% 
documentation 
errors, +14% 
compliance 

Storto (2023) 

Big Data 
Dashboards 

Aggregates 
multi-source 

KPIs for 
decision-making 

ERP, IoT, 
CRM, external 

trade data 

+35% faster risk 
response, +10% 
export growth 

OECD (2023) 

Source: systematized by the author 

 

Performance monitoring and data analytics constitute the cognitive 

infrastructure of modern agricultural logistics. They transform dispersed, 
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fragmented supply chains into intelligent ecosystems capable of continuous 

learning, adaptation, and self-correction. 

By institutionalizing KPI-based governance and embedding analytics 

into decision-making, agricultural enterprises move from reactive 

management to strategic foresight. The future of logistics efficiency lies not 

merely in hardware or transport optimization, but in the information systems 

that interpret, predict, and evolve alongside the agricultural economy. 

The efficiency of agricultural logistics operations depends on the 

synergy of modernization vectors–technological, infrastructural, 

organizational, energy-related, human, and institutional. Each improvement 

direction reinforces the others, transforming logistics from a cost center into 

a source of strategic value. 

Digitalization accelerates information flows; infrastructure upgrades 

enhance throughput; coordination mechanisms reduce duplication; energy 

transitions cut emissions and costs; while training and regulatory reforms 

sustain momentum. 

The next phase of logistics evolution in agriculture should focus not 

only on doing things faster or cheaper but on building intelligent, adaptive, 

and sustainable logistics ecosystems–capable of maintaining performance 

under volatility, supporting inclusive participation, and ensuring long-term 

competitiveness in the global agri-food system. 
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3.2. Risk and Cost Management in the Logistics Chain 
Risk and cost management are among the most critical pillars of modern 

agricultural logistics. As the global supply chain environment becomes 

increasingly volatile–due to climate variability, energy price fluctuations, 

geopolitical tensions, and cyber threats – agribusinesses must adopt 

integrated risk-cost management systems capable of predicting, quantifying, 

and mitigating disruptions (Christopher & Peck, 2004; Ivanov & Dolgui, 

2020). 

1. Theoretical Foundations of Risk and Cost Management. Risk and 

cost management within logistics represent two interdependent dimensions 

of the same systemic process–maintaining efficiency and resilience in supply 

chain performance. Their relationship is not merely operational but deeply 

strategic, influencing the entire life cycle of agricultural production and 

distribution. Logistics risk refers to the likelihood and potential 

consequences of events that disrupt the smooth flow of materials, products, 

and information along the supply chain. These disruptions can arise from 

internal inefficiencies–such as equipment failures or coordination errors–or 

external shocks like geopolitical crises, climate volatility, or market 

instability (Christopher & Peck, 2004; Ivanov & Dolgui, 2020). 

In contrast, cost management focuses on the systematic identification, 

measurement, allocation, and optimization of logistics-related expenditures. 

It extends beyond direct expenses such as transportation or warehousing to 

encompass indirect costs associated with insurance, delays, or lost 

opportunities. Waters (2011) emphasized that logistics costs often conceal 

“hidden inefficiencies,” including unplanned downtime, overcapacity, or 
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redundancy in communication processes. Thus, cost management cannot be 

isolated from risk analysis, since unmitigated risks tend to translate into cost 

escalations over time. 

A growing body of research (e.g., Chopra & Sodhi, 2014; Tang, 2016; 

Ivanov & Dolgui, 2020) frames risk and cost as non-linear, interacting 

variables. Attempts to minimize cost without considering risk exposure often 

yield fragile logistics systems–highly efficient in stable environments but 

vulnerable to shocks. Conversely, excessive risk mitigation through 

redundancy or overstocking may inflate operating costs and erode 

competitiveness. Hence, the optimal balance lies in adopting an integrated 

risk-cost optimization framework, where trade-offs are continuously 

recalibrated through real-time data analytics, predictive modeling, and 

scenario-based planning. 

This conceptual balance aligns with international management 

standards. ISO 31000:2018 establishes a universal methodology for 

identifying, assessing, and treating risks, emphasizing the need for 

proportional responses that align with organizational objectives and 

stakeholder expectations. Similarly, ISO 9001:2015 promotes a process-

based approach to quality management, ensuring that logistics processes are 

consistent, auditable, and continuously improved. Together, these standards 

create a meta-framework for decision-making, linking operational risk 

control with long-term cost efficiency and corporate sustainability. 

In agricultural logistics, where margins are thin and volatility high, the 

economic consequences of risk exposure are particularly pronounced. For 

instance, a delay in port clearance during harvest season may not only cause 

demurrage costs but also lead to grain spoilage or contract penalties. Liu 
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(2024) quantified that each 1% increase in logistics disruption probability 

results in a 2–3% increase in total operating expenses for grain exporters. 

This demonstrates that risk is not merely a probability but a financial 

multiplier, amplifying inefficiencies across the entire chain. 

Moreover, the transition toward data-driven and digitalized logistics 

systems introduces new forms of both risk and cost. On one hand, predictive 

analytics, IoT monitoring, and blockchain traceability reduce uncertainty by 

enabling real-time control and accountability. On the other hand, they 

introduce cybersecurity threats, data maintenance expenses, and dependency 

on complex software ecosystems (Mahabadi, Varga, & Dolan, 2021). 

Consequently, the frontier of risk-cost management has shifted from reactive 

control toward dynamic resilience engineering, where adaptive systems 

continuously learn and optimize through feedback loops. 

Finally, the interplay between cost and risk is shaped by the strategic 

orientation of the enterprise. Risk-averse organizations tend to invest in 

redundancy and insurance, prioritizing reliability over minimal cost. 

Conversely, risk-seeking firms exploit high-volatility environments through 

agile logistics models, leveraging flexible contracts and just-in-time delivery 

to minimize capital lock-in. Both approaches have merit, but sustainable 

competitiveness requires a hybrid model–anchored in digital transparency, 

diversified networks, and ESG-aligned cost control. 

In summary, risk and cost management in logistics form a dual-axis 

governance system, where efficiency and resilience must evolve together. 

Effective integration depends not only on analytical tools but also on 

managerial culture, regulatory harmonization, and technological maturity. 

As global agrologistics moves toward Industry 4.0 paradigms, the ability to 
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quantify, balance, and strategically align these two parameters will 

determine the long-term sustainability and competitiveness of agricultural 

enterprises. 

2. Typology of logistics risks in agricultural supply chains. 

Agricultural logistics operates under a unique constellation of risks that stem 

from both endogenous (internal) and exogenous (external) factors. The 

volatility of weather, market prices, and regulatory environments–combined 

with infrastructure fragility and geopolitical tensions–makes risk 

management in this domain both complex and multidimensional. Scholars 

such as Christopher and Peck (2004), Tang and Veelenturf (2019), and 

Ivanov and Dolgui (2020) emphasize that agricultural supply chains are non-

linear, adaptive systems, where small perturbations in one node (e.g., port 

delay or warehouse breakdown) can cascade into system-wide disruptions. 

A systematic classification of logistics risks is essential to identify their 

sources, mechanisms, and consequences. Table 3.8 below presents a 

comprehensive typology of logistics risks specific to the agricultural context, 

structured by their origin, impact, and mitigation strategies. 

Operational and financial risks constitute the core of logistics volatility 

in agriculture, especially in transition economies such as Ukraine and 

Kazakhstan, where logistics infrastructure remains underdeveloped and 

maintenance-intensive. The dependency on aging fleets and limited 

intermodal transport amplifies exposure to mechanical failures and delivery 

delays. Liu (2024) identifies that each hour of unplanned vehicle downtime 

during harvest season translates into a 1.3% reduction in daily export 

volume, demonstrating the high sensitivity of logistics performance to 

operational risks. 
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Table 3.8. Comprehensive Typology of Logistics Risks in Agricultural 

Supply Chains 

Category Nature and Origin 

Typical 
Manifestations in 

Agricultural 
Logistics 

Analytical Tools 
and Mitigation 

Approaches 

Representative 
Cases / 

References 

Operational Risks 

Arising from 
failures in 

logistics assets, 
processes, or 
coordination 
mechanisms 

Equipment 
breakdowns, poor 
fleet maintenance, 

suboptimal 
routing, or staff 
shortages during 

harvest peaks 

Predictive 
maintenance 

systems, 
TMS/WMS 

automation, staff 
training, 

redundancy in 
critical nodes 

Kernel (Ukraine) 
– ERP-based 

predictive 
maintenance 

reduced downtime 
by 22% (Liu, 

2024) 

Financial Risks 

Linked to 
currency 

volatility, fuel 
price fluctuations, 

or liquidity 
constraints 

Escalating 
transport costs, 

delayed 
payments, 

financing gaps in 
logistics 

operations 

Hedging 
contracts, cost 

simulation 
models, supply 
chain financing 

tools 

OECD (2023) – 
Fuel cost 
volatility 

increased logistics 
expenses by 17% 
in Eastern Europe 

Market Risks 

Deriving from 
unpredictable 

demand, export 
restrictions, or 
shifts in global 
trade patterns 

Grain export 
embargoes, 
delayed port 
operations, 

seasonal demand 
collapse 

Diversified export 
markets, forward 

contracts, 
scenario-based AI 

forecasting 

FAO (2022) – 
Black Sea 
disruptions 

reduced export 
throughput by 

28% 

Institutional Risks 

Stemming from 
policy, legal, or 

regulatory 
uncertainty 

Customs 
clearance delays, 

certification 
discrepancies, 

policy reversals 

Blockchain 
traceability, 
harmonized 

customs systems, 
PPP coordination 

EU TRACE 
project – 

Blockchain 
reduced border 
processing time 

by 35% 

Environmental 
Risks 

Resulting from 
climatic shocks, 

disasters, or 
resource 

degradation 

Flooding, 
drought, extreme 
heat damaging 

storage or 
transport 

infrastructure 

Climate 
adaptation 

investments, 
insurance, 

infrastructure 
resilience 
planning 

Kazakhstan’s 
“Middle 

Corridor” 
adaptation 

program reduced 
weather-related 
delays by 40% 
(KazLogistics, 

2023) 

Cyber and 
Information Risks 

Emerging from 
digital 

transformation 
and cyber threats 

to logistics 
systems 

ERP/WMS 
hacking, data 

manipulation, IoT 
network failures 

Cybersecurity 
standards 

(ISO/IEC 27001), 
system 

redundancy, 
employee 
awareness 

Mahabadi et al. 
(2021) – IoT 

vulnerability audit 
decreased system 
exposure by 18% 

Source: systematized by the author 
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Financial risks are equally destabilizing, particularly under fluctuating 

global energy markets. Rising diesel and freight costs exert disproportionate 

pressure on agricultural producers, as transport accounts for nearly half of 

total logistics expenses (Christopher, 2016). Risk mitigation through fuel 

hedging, route optimization, and decentralized transport partnerships 

becomes essential to maintaining profitability under price volatility. 

Market and institutional risks reveal the structural fragility of 

international agrologistics, especially in export-oriented systems. Trade 

embargoes, port closures, or regulatory discrepancies can paralyze the grain 

corridor, leading to billions in lost revenue. For instance, Mahabadi, Varga, 

and Dolan (2021) observed that the re-routing of grain exports through 

Danube ports increased logistics costs by 25–30%, but simultaneously 

diversified risk exposure–a trade-off between short-term expense and long-

term resilience. 

Environmental risks have intensified due to climate change and 

resource depletion, directly affecting infrastructure durability and logistics 

reliability. Droughts reduce navigability on river routes, while floods 

damage storage capacities and disrupt rail corridors. FAO (2022) reports that 

climate-related logistics disruptions contribute to an average of 6–8% annual 

output loss across the global grain trade. The adoption of resilient, modular 

storage units and renewable-powered logistics hubs (as piloted in Finland’s 

Green Port Initiative) exemplifies emerging adaptation models. 

Finally, the digitalization of logistics introduces a new generation of 

cyber risks. As logistics systems become interconnected through IoT and 

ERP platforms, vulnerabilities multiply. A study by Storto (2023) noted that 

over 40% of agrologistics companies in Europe have experienced at least one 
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cyber incident affecting transport operations. This underscores the need for 

ISO-certified cybersecurity frameworks, periodic audits, and AI-based 

anomaly detection systems to protect data integrity and supply continuity. 

Table 3.9. Interrelation Between Risk Categories and Cost 

Implications in Agricultural Logistics 

Risk Type Direct Financial 
Impact 

Indirect Cost 
Implications 

Strategic 
Mitigation 

Investments 

Expected Return 
/ Payback 

Period 

Operational 
Equipment 

repairs, 
downtime losses 

Reduced 
throughput, 

overtime pay 

Fleet renewal, 
IoT sensors, 
predictive 

maintenance 

ROI within 2–3 
years 

Financial 
Fuel, interest, 
and exchange 

losses 

Reduced 
liquidity, pricing 

instability 

Fuel hedging, 
cost-sharing 

alliances 

ROI within 1–2 
years 

Market 
Contract 

penalties, price 
volatility 

Market share 
erosion 

Diversification 
of markets and 
transport modes 

ROI within 3–4 
years 

Institutional 
Customs delays, 

compliance 
penalties 

Reputation risk, 
partner attrition 

Blockchain 
certification, 
PPP logistics 

hubs 

ROI within 4–5 
years 

Environmental 

Infrastructure 
damage, 
insurance 
premiums 

Business 
interruption, 

ESG penalties 

Climate-resilient 
design, 

renewable 
logistics 

ROI within 5–7 
years 

Cyber 
Ransomware 

recovery costs, 
data theft 

Reputational 
and legal risks 

ISO 27001 
compliance, 

cybersecurity 
training 

ROI within 2–3 
years 

Source: systematized by the author 

 

The integration of both tables demonstrates that logistics risks are not 

isolated phenomena but interdependent components of a systemic cost 

architecture. Each type of risk generates both direct costs (repair, insurance, 

or penalties) and indirect costs (downtime, lost clients, regulatory non-

compliance). The strategic challenge lies in quantifying these 

interdependencies–a process advanced by Ivanov and Dolgui (2020) through 
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dynamic network modeling, which simulates how a disruption in one node 

(e.g., rail hub) propagates through the supply chain’s financial structure. 

Empirical evidence confirms that enterprises employing a risk-based 

cost modeling approach achieve superior long-term performance. OECD 

(2023) found that firms integrating predictive analytics and financial hedging 

into logistics management maintained profitability even under energy price 

shocks, while non-integrated competitors faced cost inflation exceeding 

25%. In the agricultural context, this insight reaffirms the need for hybrid 

governance systems–combining traditional risk pooling (insurance, 

diversification) with modern digital solutions (AI forecasting, blockchain 

traceability). Such systems not only stabilize short-term cash flows but also 

fortify long-term resilience by embedding risk-awareness into the strategic 

DNA of logistics management. 

3. Quantification and Modeling of Logistics Costs. The 

quantification and modeling of logistics costs represent the analytical 

foundation for decision-making within agricultural supply chains. According 

to Christopher (2016), cost modeling in logistics is not merely an accounting 

exercise–it is a strategic control mechanism that integrates economic 

performance, operational reliability, and risk exposure into a unified 

evaluative framework. Within the agricultural sector, where logistics 

expenses typically comprise 20–35% of total production costs (FAO, 2022), 

even marginal efficiency improvements can yield substantial financial gains. 

The logistics cost structure is traditionally divided into five principal 

categories: transportation, storage, inventory holding, order processing, and 

administrative expenses (Waters, 2011; Bowersox et al., 2013). However, 

modern cost modeling extends beyond static accounting to incorporate 
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dynamic risk-adjusted variables, such as fuel price volatility, infrastructure 

wear, and environmental compliance costs. Tang (2016) argues that such 

multidimensional modeling better reflects the “true economic footprint” of 

logistics operations by capturing externalities like carbon emissions, 

congestion costs, and opportunity losses. 

The growing digitalization of agriculture has also enabled data-driven 

cost quantification, leveraging ERP, TMS, and WMS platforms to collect 

real-time information on fleet utilization, inventory turnover, and resource 

consumption. Machine learning algorithms now allow for predictive cost 

estimation, identifying anomalies and projecting expenditure trends under 

different operational scenarios (Ivanov & Dolgui, 2020). 

Modern logistics cost modeling can be grouped into four primary 

methodological approaches (Table 3.10).  

Table 3.10. Modern Approaches to Modeling Logistics Costs 

Modeling 
Approach Core Principles Analytical 

Techniques 

Applications in 
Agricultural 

Logistics 
Limitations 

Deterministic 
Models 

Treat logistics 
costs as fixed, 

measurable 
quantities 

Linear cost 
analysis, ABC 

accounting 

Budgeting and 
cost structure 

diagnostics for 
small farms 

Neglects 
variability and 
risk dynamics 

Stochastic 
Models 

Introduce 
probability 

distributions for 
key cost factors 

Monte Carlo 
simulation, 
stochastic 

optimization 

Modeling fuel 
cost volatility, 
seasonal price 

changes 

High data 
requirements 

Dynamic 
Simulation 

Models 

Represent 
logistics as 

adaptive systems 
over time 

System 
dynamics, 

network flow 
analysis 

Modeling multi-
stage grain 

transport and 
storage 

Complex 
calibration, 

computational 
intensity 

Risk-Adjusted 
Economic 

Models 

Integrate risk 
probability into 

total cost of 
ownership (TCO) 

Risk-cost 
matrix, 

sensitivity 
analysis, 

regression 
modeling 

Strategic 
investment 
planning, 

infrastructure 
renewal 

Requires 
reliable long-

term data 

Source: systematized by the author 
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Deterministic models remain valuable for baseline budgeting, 

particularly in small and medium-sized enterprises. However, as agricultural 

logistics increasingly operates under uncertainty, stochastic and dynamic 

models have gained prominence. For example, Monte Carlo simulations can 

estimate logistics costs under fluctuating fuel prices or changing exchange 

rates, producing probability distributions rather than point estimates. 

Dynamic models, by contrast, capture time-dependent interactions 

among logistics subsystems. For instance, system dynamics modeling can 

illustrate how delayed deliveries affect storage congestion, which in turn 

increases demurrage costs. This approach was used by Kernel (Ukraine) in 

2022 to evaluate the cumulative effect of port blockades and re-routing 

through Danube terminals, revealing a 23% rise in total logistics costs but a 

42% improvement in resilience. 

Table 3.11. Key Cost Drivers and Their Impact on Logistics 

Performance 

Cost Driver Measurement 
Indicator 

Impact on Cost 
Efficiency (%) Source 

Fleet Utilization Rate % of vehicle capacity 
used 

+12–15 improvement 
in cost efficiency FAO (2022) 

Warehouse 
Automation Level 

% of automated 
operations 

+8–10 improvement, 
+20% faster turnover Storto (2023) 

Digital Integration 
(ERP–TMS–WMS) 

Integration index (0–
1) 

–10–18 reduction in 
total logistics costs OECD (2023) 

Route Optimization % reduction in empty 
mileage 

–7–12 reduction in 
fuel and time costs Liu (2024) 

Risk Mitigation 
Investment 

% of logistics budget 
dedicated to risk 

control 

+10–20 improvement 
in resilience, stable 

ROI in 2 years 

Mahabadi et al. 
(2021) 

Source: systematized by the author 

 

Empirical studies confirm strong correlations between cost efficiency 

and overall logistics performance. According to OECD (2023), a 1% 
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improvement in transport efficiency can reduce total logistics costs by 0.7–

0.9%, while a 1% reduction in inventory days can improve capital turnover 

by 1.3%. The integration of digital systems (ERP + TMS) typically leads to 

10–15% cost savings in transportation and warehousing operations. 

To fully align cost control with risk mitigation, agricultural enterprises 

increasingly adopt risk-adjusted cost modeling frameworks. The most 

widely used is the Expected Cost of Disruption (ECD) model: 

 

𝐸𝐶𝐷 = % (𝐶! + 𝑅! × 𝑃!)
"
!#$    (3.1) 

where 𝐶! represents the base cost of logistics activity i, 𝑅! is the potential financial loss from 

disruption, and 𝑃! is the probability of occurrence.  

 

This allows for dynamic recalibration of cost structures in response to 

real-time risk assessments. 

For example, Astarta-Kyiv applied a hybrid ERP–AI cost-risk system 

in 2023, integrating satellite weather data and fuel price forecasts. This 

reduced the company’s average logistics cost per ton of grain by 14%, while 

maintaining a 28% lower variance in cost volatility. 

From a strategic perspective, cost modeling transforms logistics 

management into a predictive governance tool. Enterprises can simulate 

alternative investment paths–fleet modernization, route diversification, or 

renewable energy adoption–and evaluate their long-term financial 

implications under uncertainty. 

At the policy level, international institutions (e.g., World Bank, FAO, 

EBRD) advocate for logistics cost benchmarking systems as part of 

agricultural competitiveness frameworks. These systems standardize the 
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measurement of logistics efficiency across countries, enabling policymakers 

to identify infrastructure bottlenecks and prioritize interventions. 

Moreover, the introduction of ESG-linked financial metrics (e.g., 

carbon-adjusted cost per ton-kilometer) allows cost models to incorporate 

sustainability externalities directly. This promotes environmentally 

responsible investments while maintaining cost discipline. 

Quantifying and modeling logistics costs is no longer a static 

accounting process–it is a dynamic, risk-aware decision framework central 

to agricultural competitiveness. The convergence of stochastic, dynamic, and 

AI-driven models allows enterprises to anticipate disruptions, optimize 

expenditures, and evaluate trade-offs between efficiency and resilience. 

For agricultural logistics systems operating under conditions of climate 

risk and geopolitical instability, cost modeling evolves into a form of 

strategic intelligence–a means to transform uncertainty into measurable, 

controllable parameters. Future research should deepen this integration 

through cross-country benchmarking and the inclusion of ESG-adjusted 

indicators that fully reflect the true cost of logistics in a sustainable economy. 

4. Interconnection Between Risk and Cost Management. The 

relationship between risk and cost management in agricultural logistics is not 

linear but cyclical–a continuous feedback loop in which every financial 

decision inherently modifies the system’s exposure to risk, and every risk 

mitigation measure alters cost dynamics. This interconnection lies at the 

heart of modern logistics governance, transforming risk and cost from 

isolated metrics into strategic variables within a unified decision framework 

(Christopher & Peck, 2004; Ivanov & Dolgui, 2020). 
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From an analytical standpoint, Mahabadi, Varga, and Dolan (2021) 

proposed the dual-contour model of risk-adjusted cost (RAC), which 

quantitatively captures the interplay between operational expenditure and 

uncertainty. The model can be expressed as: 

 

𝑅𝐴𝐶 = 𝐶%&' + 𝑅! × 𝑃!   (3.2) 

where 𝐶"#$ represents the direct logistics cost, 𝑅! denotes the potential impact of a given risk 
event, and 𝑃!signifies its probability of occurrence.  
 

This formulation allows decision-makers to incorporate probabilistic 

risk factors into standard cost analyses, transforming logistics accounting 

into a sensitivity-based optimization process. In practice, this enables 

agricultural enterprises to simulate how alternative decisions–such as 

rerouting, inventory diversification, or digital monitoring–affect both cost 

structures and vulnerability profiles. 

For instance, in grain logistics, the RAC model has proven particularly 

effective due to the high volatility of external parameters such as climate 

conditions, infrastructure reliability, and export bottlenecks. In Ukraine and 

Kazakhstan, where seasonal congestion at ports and rail terminals often leads 

to significant demurrage losses, applying the RAC methodology within 

ERP-based logistics systems reduced cumulative export losses by 15–20% 

during peak seasons(FAO, 2022). This outcome underscores how moderate 

cost increases, when strategically allocated toward risk mitigation (e.g., 

alternate routes, warehouse capacity expansion, predictive maintenance), 

yield exponential reductions in disruption probability and total loss 

exposure. 
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The essence of the model lies in its dynamic balance: reducing risk 

usually raises costs in the short term, while short-term cost minimization 

tends to increase vulnerability. Therefore, sustainable logistics management 

requires maintaining an “optimal risk-cost frontier”, where marginal cost 

increments are justified by corresponding risk reductions. Advanced AI-

based sensitivity analysis and Monte Carlo simulation further refine this 

relationship, enabling managers to quantify the inflection point beyond 

which additional spending yields diminishing resilience returns. 

In contemporary agricultural systems, such modeling has evolved into 

a strategic capability, embedded in digital logistics dashboards that 

continuously recalibrate budgets and risk indicators. By integrating the RAC 

framework with ISO 31000:2018 and ISO 9001:2015 standards, logistics 

managers can standardize risk identification, establish tolerance thresholds, 

and ensure traceable decision-making. 

The comparative table 3.12 reveals that modern agricultural logistics 

increasingly relies on hybrid governance systemscombining financial 

instruments (insurance, hedging) with analytical modeling (AI forecasting, 

ESG-adjusted simulations). This hybridization reflects a paradigm shift from 

reactive crisis management to proactive resilience engineering–where 

financial stability and environmental responsibility converge. 

The integrated risk–cost optimization model (RAC-based) now 

dominates large-scale grain logistics operations because it provides a 

transparent, quantifiable link between economic efficiency and reliability. 

For example, Kernel and Astarta-Kyiv reported 18–22% performance gains 

by aligning their logistics cost structures with probabilistic risk assessments 

(Liu, 2024). Conversely, purely cost-minimizing strategies often produce 
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fragile systems unable to withstand shocks, resulting in cascading losses 

during disruptions. 

Table 3.12. Comparative Assessment of Risk–Cost Management 

Strategies in Agricultural Logistics 

Approach Core 
Principles 

Implementation 
Tools Advantages Limitations Illustrative 

Example 

Traditional 
Cost 

Minimization 

Focus on 
reducing 

direct 
operational 
expenses 

Budget control, 
cost 

accounting, 
cost variance 

analysis 

Simple, 
measurable, 
suitable for 

small 
enterprises 

Ignores 
external 

risk 
exposure, 
reactive 

rather than 
proactive 

Basic cost 
budgeting in 

local 
Ukrainian 
transport 

cooperatives 

Integrated 
Risk–Cost 

Optimization 

Balances 
cost 

efficiency 
with 

quantified 
risk 

probabilities 

ISO 31000 
framework, 
ERP-based 
analytics, 
sensitivity 

models 

Dynamic and 
preventive, 
enhances 
decision 
quality 

Requires 
digital 

maturity 
and 

continuous 
data 

updates 

Kernel 
(Ukraine) – 

applied 
ERP-driven 

RAC 
modeling 
for export 
logistics 

Scenario-
Based 

Simulation 

Tests 
logistics 

performance 
under 

varying risk 
conditions 

AI simulation, 
Big Data 

forecasting, 
Monte Carlo 

analysis 

Predicts 
disruptions, 

enhances 
adaptability 

and 
preparedness 

High data 
intensity 

and 
technical 

complexity 

SmartLog 
Finland 

program – 
real-time AI 

route 
simulations 

Sustainability-
Linked Risk 
Management 

Incorporates 
ESG metrics 

and 
resilience 
indicators 

ESG 
dashboards, 
green KPIs, 

carbon-
adjusted cost 

models 

Promotes 
transparency, 

enhances 
stakeholder 
confidence 

Elevated 
compliance 
costs and 
reporting 
demands 

EU Green 
Logistics 
Clusters – 

ESG-linked 
funding 

incentives 

Insurance and 
Financial 
Hedging 

Transfers or 
offsets 
specific 
logistics 

risks 

Index-based 
crop insurance, 

forward 
contracts, 
logistics 

derivatives 

Stabilizes 
cash flows, 
mitigates 

catastrophic 
losses 

Limited 
efficacy for 

systemic 
and 

correlated 
risks 

Brazil’s 
agricultural 
risk-pooling 
and logistics 

hedging 
programs 

Source: systematized by the author 
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Moreover, the sustainability-linked frameworks emerging within EU 

Green Deal policies redefine risk management beyond short-term protection, 

embedding ESG and carbon accounting principles into logistics governance. 

This approach transforms risk–cost optimization into a sustainability-driven 

control loop, aligning with the principles of the Farm to Fork Strategy, which 

ties financial support and trade access to compliance with environmental and 

resilience criteria (European Commission, 2022). 

Institutional architecture significantly shapes the efficiency of risk–cost 

governance. The European Union’s Green Deal Logistics Agenda mandates 

member states to integrate risk assessment and cost modeling into national 

transport strategies, promoting multi-level coordination between 

government, business, and financial institutions. Public funding is 

increasingly conditional upon demonstrating measurable improvements in 

resilience metrics, such as reduced logistics-related emissions, improved 

redundancy, and enhanced recovery capacity after disruptions. 

In Eastern Europe and Central Asia, international development 

institutions (EBRD, FAO, UNDP) have adopted a blended investment 

approach that merges physical infrastructure modernization with digital risk 

analytics. For example, FAO’s 2023 “Agri-Resilience Ukraine” project 

financed modular storage construction alongside AI-based disruption 

forecasting systems, improving logistics predictability and export continuity 

during wartime constraints. 

Brazil and Poland present instructive examples of policy innovation 

through risk insurance mechanisms. In Brazil, logistics risk-pooling 

consortia allow SMEs to collectively hedge against transportation delays and 

port congestion. Meanwhile, Poland’s “Safe Logistics Fund” integrates 
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state-backed guarantees with private-sector hedging instruments, providing 

liquidity support during unforeseen disruptions. Both models demonstrate 

how public–private financial frameworks can stabilize agricultural supply 

chains under global volatility. 

The interconnection between risk and cost management represents a 

systemic governance mechanism rather than a set of discrete operational 

tactics. Agricultural logistics, with its intricate dependencies on natural 

conditions, infrastructure reliability, and geopolitical stability, requires 

continuous recalibration between efficiency and resilience. 

Through models such as RAC and sustainability-linked risk 

management, enterprises and policymakers are beginning to treat risk 

exposure as an economic variable, measurable and optimizable through 

advanced analytics and institutional design. The result is a new generation 

of resilient, data-driven, and ESG-aligned logistics systems capable of 

sustaining agricultural competitiveness amid global uncertainty. 

Risk and cost management in agricultural logistics form the systemic 

architecture of competitiveness. An enterprise that merely seeks to minimize 

expenses without quantifying its exposure to risks undermines its long-term 

viability. Conversely, risk-averse strategies without cost control erode 

profitability. 

The synthesis of these two domains–supported by digital analytics, 

predictive modeling, and ESG integration–creates a resilient, adaptive, and 

cost-effective logistics ecosystem. Future development should focus on 

institutionalizing risk-cost methodologies within national logistics policies, 

promoting regional insurance frameworks, and advancing cross-border data 

transparency to enhance collective supply-chain resilience.  
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3.3. Digital Transformation and Quantitative Performance 

Modeling of Logistics Systems 
The digital transformation of agricultural logistics marks a pivotal 

transition from fragmented, manual coordination toward integrated, 

intelligent, and data-driven ecosystems. It represents not merely a 

technological evolution but a strategic reconfiguration of how agricultural 

enterprises operate, manage risks, and compete in volatile global markets. 

By integrating Artificial Intelligence (AI), Internet of Things (IoT), 

Blockchain, Cloud Computing, and Big Data Analytics, the logistics 

infrastructure of agriculture becomes more transparent, resilient, and 

predictive (Ivanov & Dolgui, 2020; Liu, 2024). These technologies are 

reshaping the logistics paradigm–transforming static supply chains into 

adaptive networks that can forecast and respond dynamically to external 

shocks such as climate instability, geopolitical disruptions, or market 

fluctuations. 

Historically, agricultural logistics was characterized by manual 

recordkeeping, slow coordination between stakeholders, and low data 

transparency. Today, real-time digital integration allows all participants–

farmers, traders, transport companies, and regulators–to operate 

synchronously within a single digital ecosystem. According to Mahabadi, 

Varga, and Dolan (2021), this transformation moves beyond simple 

automation: it redefines logistics as a system of strategic intelligence, 

combining economic efficiency with environmental and social governance 

(ESG) imperatives. 
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1. Framework and Stages of Digital Logistics Maturity. The digital 

transformation of logistics systems does not occur instantaneously–it 

evolves through a structured and cumulative process, where each stage 

builds upon the foundations of the previous one. Scholars such as Ivanov and 

Dolgui (2020), Mahabadi, Varga, and Dolan (2021), and Storto (2023) 

emphasize that this transformation represents both a technological evolution 

and a strategic reconfiguration of value creation within agricultural supply 

chains. The following framework outlines the four interconnected stages of 

digital logistics maturity, each of which progressively enhances the 

integration, intelligence, and resilience of logistics systems (Figure 3.1). 

 

 
Figure 3.1. The four interconnected stages of digital logistics maturity 
Source: systematized by the author  
 

  

Stage 1. Digitization: From Manual Records to Digital Foundations

Stage 2. Automation: Enhancing Efficiency and Reducing Human 
Dependency

Stage 3. Integration: Building Interconnected and Collaborative 
Digital Ecosystems

Stage 4. Intelligence: Achieving Predictive, Self-Optimizing 
Logistics Systems
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Stage 1. Digitization: From Manual Records to Digital Foundations. 

Digitization marks the initial stage in the logistics modernization process, 

converting paper-based processes into digital formats. This stage focuses 

primarily on data conversion, document management, and establishing basic 

digital traceability. Traditional documents such as invoices, bills of lading, 

customs declarations, and warehouse logs are systematically digitized, 

which increases accuracy, accessibility, and data retention across the supply 

chain. 

In agriculture, digitization creates the baseline for data-driven decision-

making. Electronic document interchange (EDI), barcode labeling, and 

online order registration systems replace handwritten or manually processed 

data. FAO (2022) reports that digitization alone can reduce administrative 

overheads by 8–12% and cut document-related errors by up to 20%. 

Although this stage offers limited analytical capacity, it provides the critical 

infrastructure for the more advanced automation and integration that follow. 

Stage 2. Automation: Enhancing Efficiency and Reducing Human 

Dependency. The automation phase introduces algorithmic systems capable 

of executing repetitive or rule-based logistics tasks autonomously. It 

involves the deployment of Warehouse Management Systems (WMS), 

Transportation Management Systems (TMS), and Enterprise Resource 

Planning (ERP) platforms that coordinate logistics functions–inventory 

control, transport scheduling, billing, and reporting–within a unified 

environment. 

Automation enhances speed, precision, and cost control. According to 

Mahabadi et al. (2021), logistics enterprises implementing automated 

systems report a 15–25% improvement in workflow efficiency and a 10–

https://doi.org/10.36690/LMAGE


                                 Logistics Management of Agricultural Grain Enterprises 
 
 

 
 
https://doi.org/10.36690/LMAGE                       ISBN 978-9916-9320-4-9 (pdf) 

© Scientific Center of Innovative Research, 2025 
 196 

18% reduction in fuel and storage costs. In agriculture, automation allows 

companies to synchronize the timing of harvest, transportation, and storage, 

minimizing post-harvest losses and optimizing delivery schedules. 

However, automation remains internally focused; systems may operate 

efficiently in isolation but lack external interoperability. This limitation sets 

the stage for the integration phase, where separate digital systems begin to 

communicate through standardized data protocols and interfaces. 

Stage 3. Integration: Building Interconnected and Collaborative 

Digital Ecosystems. Integration represents a paradigm shift in logistics 

management, where data flows seamlessly across organizational and 

geographic boundaries. The emphasis moves from internal efficiency to 

systemic connectivity–linking ERP, IoT, CRM, and blockchain networks 

into a unified data ecosystem. Integration enables real-time coordination 

among producers, distributors, customs authorities, and transport operators, 

effectively eliminating data silos and duplication. 

For instance, in the Finnish SmartLog project, IoT-enabled ERP 

systems integrated temperature and humidity sensors with shipping 

schedules, reducing perishable losses by 14% (OECD, 2022). Similarly, in 

Ukraine’s port logistics corridors, the integration of digital customs systems 

with GPS-based TMS improved average cargo clearance times by 27% 

(FAO, 2023). 

Integrated logistics environments also enable collaborative analytics, 

where multiple stakeholders analyze shared data to predict demand surges, 

prevent congestion, and allocate resources more efficiently. This phase is 

critical for building transparent, trust-based, and responsive logistics systems 

that can adapt dynamically to external volatility. 
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Stage 4. Intelligence: Achieving Predictive, Self-Optimizing Logistics 

Systems. The intelligence stage represents the apex of digital maturity, where 

logistics operations transition from being reactive to predictive and self-

optimizing. At this level, systems leverage Artificial Intelligence (AI), 

digital twins, and predictive analytics to model complex scenarios, forecast 

disruptions, and autonomously adjust supply chain configurations. 

AI algorithms process data from IoT sensors, weather systems, and 

market indicators to optimize routes, anticipate bottlenecks, and simulate 

alternative strategies. Digital twins–virtual replicas of logistics networks–

enable managers to test interventions in a simulated environment before 

implementation, reducing risks and enhancing agility. For example, 

Germany’s AgriLogistics 4.0 program utilized AI-enhanced digital twins to 

simulate multi-modal transport routes, resulting in a 22% improvement in 

planning accuracy and 18% higher fuel efficiency (BMEL, 2022). 

At this stage, the logistics system functions as an intelligent ecosystem, 

capable of learning from data feedback loops and continuously optimizing 

performance across cost, time, and sustainability dimensions. According to 

Liu (2024), intelligence-driven logistics systems can reduce total logistics 

costs by 20–25% while improving resilience and adaptability by over 30%. 

The digital logistics maturity represents an evolutionary continuum 

rather than a linear progression. Each stage expands the system’s data 

visibility, predictive capacity, and strategic control. Early stages such as 

digitization and automation lay the technical groundwork, while integration 

and intelligence represent institutional and cognitive transformation–a shift 

toward autonomous, data-driven governance of logistics. 
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Table 3.13. Comparative Analysis: Digital Maturity Levels in 

Agriculture Logistics 

Stage Core Function Technological 
Enablers 

Performance 
Gains (%) 

Representative 
Example 

Digitization Data conversion 
and traceability 

EDI, e-
documents, 
barcoding 

Cost –8–12; 
Error –20 

Electronic 
customs systems 

(Estonia) 

Automation 
Task execution 
and operational 

efficiency 

WMS, ERP, 
TMS platforms 

Efficiency +15–
25 

Kernel 
(Ukraine) ERP 

integration 

Integration 
Cross-system 

and multi-agent 
data sharing 

ERP + IoT + 
blockchain + 

CRM 

Coordination 
+27; Loss –14 

SmartLog 
(Finland), 

Ukrainian ports 

Intelligence 

Predictive 
analytics and 

adaptive 
decision-making 

AI, digital 
twins, Big Data 

Cost –25; 
Agility +30 

AgriLogistics 
4.0 (Germany) 

Source: systematized by the author 

 

For emerging economies like Ukraine and Kazakhstan, moving from 

integration to intelligence requires not only investment in technology but 

also policy harmonization, data standardization, and workforce upskilling. 

The global evidence demonstrates that countries advancing toward the 

intelligence phase achieve a structural leap in competitiveness, combining 

cost efficiency with environmental and social sustainability in line with ESG 

and Green Deal standards. 

The transformation of logistics systems rests upon several technological 

pillars, each performing a distinct but complementary function (Table 3.14). 

These technologies operate synergistically to establish smart, 

transparent, and resilient logistics ecosystems. IoT serves as the sensory 

network, AI provides cognitive intelligence, blockchain ensures trust and 

verification, and cloud platforms unify coordination. Digital twins integrate 

all these dimensions into real-time simulation and decision environments. 
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Table 3.14. Core Technological Components of Digital Transformation 

Technology Core Function Main Benefits Adoption 
Challenges 

Representative 
Example 

Artificial 
Intelligence (AI) 

Predictive 
analysis, route 
optimization, 
and anomaly 

detection 

Reduces costs, 
improves 
reliability, 
accelerates 
decisions 

Data quality, 
algorithmic bias 

Kernel 
(Ukraine) – AI-
based predictive 

routing 

Internet of 
Things (IoT) 

Real-time 
monitoring of 
physical and 

environmental 
conditions 

Transparency, 
product quality 

control, loss 
prevention 

Connectivity in 
rural areas, 

cybersecurity 

SmartLog 
(Finland) – IoT 
sensors in grain 

logistics 

Blockchain 

Secure and 
traceable data 

exchange across 
stakeholders 

Fraud reduction, 
ESG 

compliance, 
trust-building 

Legal 
recognition, 

platform 
interoperability 

AgriDigital 
(Australia) – 
blockchain-

tracked grain 
exports 

Cloud & Edge 
Computing 

Centralized data 
storage and real-

time remote 
access 

Scalability, 
collaboration, 

real-time 
analytics 

High 
infrastructure 
costs, latency 

Oracle SCM 
Cloud – 
logistics 

coordination 
platform 

Digital Twins 

Virtual 
replication of 

logistics 
networks 

Scenario 
modeling, risk-

free 
optimization 

testing 

High 
computational 
and integration 

demands 

AgriLogistics 
4.0 (Germany) – 

multi-modal 
simulation 

model 
Source: systematized by the author 

 

Digitalization produces not only qualitative but quantifiable economic 

and operational impacts, measurable through Key Performance Indicators 

(KPIs) and Return on Investment (ROI) analyses. Quantitative modeling 

integrates operational, economic, environmental, and resilience dimensions 

into a unified evaluative system. 
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Table 3.15. Core KPIs for Digital Logistics Systems 

Category Indicator Formula / 
Measurement 

EU 
Benchmark 

Digital 
Impact (%) Source 

Operational 
Efficiency 

Transport 
Utilization 

Rate 

Actual Load / 
Max Capacity 

× 100 
82% +12–18 

FAO (2022); 
OECD 
(2023) 

Delivery 
Accuracy 

On-time 
Deliveries / 

Total 
Deliveries × 

100 

93% +10–15 Liu (2024) 

Warehouse 
Turnover 

Annual Output 
/ Avg. 

Inventory 
Volume 

7.4 
rotations +15–22 Storto 

(2023) 

Economic 
Performance 

Logistics 
Cost Share 

Logistics Costs 
/ Total 

Revenue × 100 
17% –10–20 Mahabadi et 

al. (2021) 

ROI on 
Digital 

Investments 

(Profit Increase 
– Investment) / 
Investment × 

100 

21–27% +8–12 
Ivanov & 

Dolgui 
(2020) 

Environmental 
Performance 

CO₂ 
Emissions 

per Ton-Km 

Total CO₂ / 
Total Ton-Km 38 g –12–18 EU Green 

Deal (2022) 

Waste 
Reduction 

Rate 

Recycled 
Waste / Total 
Waste × 100 

65% +14–20 EcoVadis 
(2023) 

Resilience & 
Data Quality 

Data 
Integration 

Index 

Integrated 
Systems / Total 

Systems 
0.76 +25 FAO (2022) 

Downtime 
Ratio 

Downtime 
Hours / 

Operating 
Hours × 100 

4.2% –15–25 OECD 
(2023) 

Source: systematized by the author 

 

Digital logistics enhances performance on multiple fronts. IoT-enabled 

route optimization reduces emissions by 15%, AI-powered scheduling 

minimizes idle time by 20%, and ERP-WMS integration boosts warehouse 

productivity by up to 22%. Collectively, these outcomes demonstrate that 
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digitalization not only improves efficiency but also creates a measurable 

return on sustainability. 

2. ROI Modeling and Cross-Country Analysis. The Return on 

Investment (ROI) model quantifies economic efficiency gains from digital 

adoption: 

𝑅𝑂𝐼 = ()%*)&)*,'
,'

× 100     (3.3) 

where 𝐸( = post-digitalization efficiency, 𝐸) = baseline efficiency, 𝐶* = cost of digital 

implementation. 
 

Empirical studies reveal ROI levels of 18–28% within two years of 

adopting integrated digital systems. For instance, Germany’s AgriLogistics 

4.0 program achieved a 24% reduction in fuel use and 15% higher reliability, 

while Poland’s Smart Agriculture Network reduced warehouse costs by 12% 

(BMEL, 2022; OECD, 2023). 

Table 3.16. Comparative ROI and Efficiency Gains in Agricultural 

Logistics 

Country Digitalization 
Level (0–1) 

ROI 
(%) 

Transport 
Efficiency 
Gain (%) 

CO₂ 
Reduction 

(%) 

Key Digital 
Innovations 

Germany 0.91 27 +24 –18 AI & Digital Twins 
(AgriLogistics 4.0) 

Finland 0.88 25 +22 –16 IoT Sensors, Cloud 
Coordination 

Poland 0.73 19 +14 –11 
WMS & ERP 
Integration in 

Agrohubs 

Estonia 0.82 22 +18 –14 Blockchain 
Traceability Systems 

Ukraine 0.69 17 +15 –10 AI-Based Route 
Optimization 

Kazakhstan 0.62 15 +12 –8 Hybrid Cloud 
Platforms 

Source: systematized by the author 
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The ROI analysis confirms that technological sophistication correlates 

strongly with economic and environmental performance. Developed 

economies achieve higher returns through advanced integration and policy 

alignment, whereas emerging economies, though improving, require 

sustained infrastructure investment and regulatory harmonization. 

4. Integrative Evaluation: The Digital Performance Index (DPI). To 

capture the multi-dimensional impact of digitalization, the Digital 

Performance Index (DPI) integrates key metrics into a single composite 

indicator: 

𝐷𝑃𝐼 = ∑ (𝑤! × 𝐾𝑃𝐼!)"
!#$       (3.4) 

where weights (w+) reflect strategic priorities; Operational Efficiency (0.3), Economic 

Performance (0.25), Environmental Sustainability (0.2), and Resilience/Data Quality (0.25). 

 

FAO (2023) reports that EU countries with DPI > 0.75 show 30–35% 

greater logistics resilience, 25% faster post-crisis recovery, and 20% lower 

cost volatility compared to traditional systems. 

5. Strategic Implications and Policy Insights. The convergence of 

digital technologies and quantitative analytics is redefining the strategic 

architecture of logistics governance, particularly in the agricultural sector. 

What was once a purely operational field–focused on transportation, 

warehousing, and scheduling–has now evolved into a data-intensive 

governance domain where performance measurement, predictive modeling, 

and sustainability indicators guide both policy and investment decisions. 

At the core of this transformation lies the growing reliance on 

quantitative performance metrics, which serve as both managerial and policy 

tools. Traditional cost accounting is gradually being replaced by data-driven 
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management systems that evaluate logistics operations through 

multidimensional indicators–ranging from economic efficiency to carbon 

emissions and resilience scores. These Key Performance Indicators (KPIs) 

now underpin strategic decisions at both the enterprise and state level, 

ensuring that logistics modernization aligns with broader macroeconomic 

and sustainability objectives (Ivanov & Dolgui, 2020; FAO, 2023). 

Governments across Europe and OECD countries increasingly employ 

these indicators to design evidence-based logistics policies. For instance, the 

EU Green Deal Logistics Agenda mandates that logistics investments must 

demonstrate quantifiable reductions in emissions per ton-kilometer, while 

the Farm to Fork Strategy links agricultural logistics financing to traceability 

and digital transparency metrics. Similarly, the Digital Decade 2030 

framework emphasizes digital performance benchmarking, ensuring that 

technological integration in logistics contributes directly to EU digital 

sovereignty goals. 

The Role of ROI and Sustainability-Linked KPIs in Investment 

Prioritization. In modern logistics governance, Return on Investment (ROI) 

and sustainability-linked KPIs have become the cornerstones of strategic 

resource allocation. They not only measure profitability but also assess how 

effectively each digital innovation contributes to long-term sustainability 

and resilience. This dual evaluation mechanism allows policymakers to 

weigh short-term economic gains against long-term ecological and social 

value. 

A notable example is the EBRD AgriTech Facility, which applies KPI-

based eligibility scoring for logistics modernization grants. Projects are 

evaluated according to quantitative indicators such as CO₂ emission 
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reduction per dollar invested, fuel savings per transport cycle, and data 

integration efficiency. This ensures that public funds and private co-

financing are directed toward initiatives that generate measurable, systemic 

benefits rather than isolated technological upgrades. 

In Ukraine and Poland, pilot initiatives supported by FAO and the 

European Commission are applying logistics performance dashboards that 

combine ROI analytics with sustainability indices to rank infrastructure 

projects. These tools have led to an average 18% increase in investment 

efficiency, as funding decisions are grounded in transparent, comparative 

data rather than subjective assessments. 

The digital transformation of logistics governance is also driving the 

institutional reconfiguration of public–private partnerships (PPPs). 

Governments are no longer passive regulators but active participants in co-

developing digital infrastructure. PPPs now include shared data ecosystems, 

where logistics operators, agricultural enterprises, and public authorities 

exchange standardized information on supply flows, emissions, and 

performance outcomes. 

For instance, under the EU Connecting Europe Facility (CEF) and 

EBRD Green Logistics Initiative, digital traceability platforms are co-

managed by private logistics providers and national agencies, enabling real-

time monitoring of goods across borders. This multi-stakeholder model 

fosters accountability, transparency, and rapid crisis response. According to 

OECD (2023), such PPPs have reduced administrative coordination delays 

by up to 25%, while simultaneously enhancing compliance with ESG 

reporting frameworks. 

The fusion of digital transformation with Environmental, Social, and 
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Governance (ESG) imperatives repositions logistics as a strategic enabler of 

climate policy. Quantitative models that integrate emission data, renewable 

energy use, and waste reduction metrics now form the basis for regulatory 

compliance and international funding eligibility. For example, the EU’s 

Sustainable and Smart Mobility Strategy requires member states to report 

logistics performance through standardized digital indicators that quantify 

both efficiency and sustainability. 

In this context, agricultural enterprises are becoming data partners in 

environmental governance, providing real-time logistics data for national 

ESG dashboards. By aligning logistics efficiency with environmental 

impact, policymakers are transitioning from reactive crisis management to 

anticipatory governance–a model where predictive data analytics inform 

policy adjustments before systemic disruptions occur. 

The next frontier in logistics governance lies in the adoption of AI-

driven prescriptive analytics–systems capable of not just predicting 

outcomes but automatically generating optimal decisions. This approach 

underpins the emerging concept of “zero-lag logistics”, where data 

collection, decision-making, and operational execution converge into a 

continuous feedback cycle. In such ecosystems, logistics systems respond 

autonomously to real-time signals such as demand fluctuations, weather 

changes, or geopolitical risks. 

Integrating predictive intelligence with sustainability modeling will 

enable agricultural enterprises to create self-optimizing, carbon-neutral 

logistics networks. These systems will autonomously balance trade-offs 

between cost, speed, and emissions, ensuring stable supply flows even under 

high volatility. 
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FAO (2023) estimates that prescriptive analytics could reduce logistics 

delays by 20–30%, lower carbon emissions by up to 18%, and enhance 

energy efficiency by 25% compared to conventional predictive models. 

Future research should therefore focus on adaptive learning algorithms, 

cross-border data governance standards, and AI ethics in logistics 

automation, ensuring transparency and fairness in algorithmic decision-

making. 

6. Interpretative Commentary: Strategic Synergy Between 

Governance, ESG, and AI-Driven Innovation. The strategic initiatives 

presented in Table 1 are not isolated interventions but interdependent 

elements of a comprehensive transformation framework for agricultural 

logistics. The synergy between KPI-based governance, ESG integration, and 

digital innovation establishes a closed-loop system where data, policy, and 

sustainability mutually reinforce one another. 

KPI-based governance provides the quantitative backbone of this 

system, allowing policymakers and enterprises to translate strategic goals 

into measurable outcomes. These indicators function as the “common 

language” connecting regulators, investors, and logistics operators, ensuring 

that funding and technological adoption remain outcome-oriented rather than 

input-driven. 

At the same time, ESG-linked regulation introduces a qualitative 

dimension that complements quantitative monitoring. Sustainability metrics 

expand traditional notions of logistics efficiency to include carbon intensity, 

circularity, and social responsibility. When combined with KPI reporting, 

ESG frameworks enable governments and firms to manage logistics as a 

strategic sustainability asset rather than a cost center. 
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Table 3.17. Strategic Vision and Policy Framework for Digital 

Agricultural Logistics 

Dimension Key Focus / 
Initiative 

Implementation 
Tools & Policy 

Mechanisms 

Expected Strategic 
Impact 

KPI-Based 
Governance 

Establish national 
logistics 

observatories and 
standardize KPI / 
ROI reporting for 
agricultural supply 

chains 

EU & OECD-aligned 
performance metrics; 

annual digital 
reporting dashboards 

Evidence-based 
policy; transparent 
benchmarking of 

logistics performance 

Digital Infrastructure 
Investment 

Stimulate adoption of 
cloud, IoT, and AI 
analytics in rural 

logistics hubs 

Tax incentives; 
innovation grants; 

public–private 
innovation clusters 

Digital inclusion; 
improved rural 

logistics 
connectivity; 

increased efficiency 

ESG-Integrated 
Regulation 

Embed 
sustainability-linked 

KPIs in logistics 
contracts and tenders 

ESG scoring; carbon-
tracking systems; 

compliance 
monitoring 

Carbon-neutral 
operations; 

alignment with EU 
Green Deal and Farm 

to Fork Strategy 

PPP Data 
Ecosystems 

Strengthen 
cooperation between 

agribusinesses, 
transport companies, 

and regulators 

Shared data 
platforms; 

interoperability 
standards; national 
logistics registries 

Cross-sector 
transparency; 

resilience against 
supply-chain 
disruptions 

Prescriptive 
Analytics Research 

Fund AI-driven 
logistics decision 

systems for “zero-lag 
logistics” 

Research grants; 
pilot projects under 
EU Digital Decade 

2030 & EBRD 
AgriTech Facility 

Self-optimizing, 
adaptive logistics 

networks; rapid real-
time response 

capability 

Strategic Outcome 
(Conclusion) 

Transition from 
reactive management 

to intelligent, 
sustainability-

oriented governance 

Integration of digital 
intelligence, ESG 
performance, and 

quantitative analytics 

Creation of smart, 
carbon-neutral, data-
driven agricultural 

logistics ecosystems 

Source: systematized by the author 

 

The final layer – AI and prescriptive analytics–acts as the intelligence 

core of this ecosystem. By processing KPI and ESG data in real time, AI 

models transform static measurement systems into dynamic optimization 
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engines, capable of adjusting logistics operations to changing environmental, 

market, or geopolitical conditions. This transition from descriptive analysis 

to prescriptive governance embodies the shift toward “zero-lag logistics,” 

where insight and action occur simultaneously. 

In essence, the interaction between these three pillars–quantitative 

governance, sustainability integration, and digital intelligence–creates a 

resilient, transparent, and adaptive logistics infrastructure. Such an 

ecosystem positions agricultural enterprises not only to compete 

economically but also to lead the global transition toward carbon-neutral, 

data-driven, and ethically governed supply chains. 

The convergence of digital technologies, data analytics, and 

sustainability governance marks a historic transformation in the logic of 

logistics management. What once served as an auxiliary component of 

agricultural production has now become a strategic policy instrument for 

achieving economic resilience, environmental responsibility, and digital 

sovereignty. 

By embracing KPI-driven governance and investing in AI-enabled, 

carbon-neutral logistics ecosystems, countries can transform their 

agricultural sectors into smart, self-regulating networks–capable of 

sustaining productivity amid global uncertainty. The future of logistics is 

thus not only digital but intelligent, adaptive, and sustainable–a model in 

which technology, policy, and human decision-making converge into one 

cohesive, data-driven system.  
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3.4. Case Studies on the Modernization of Logistics in 

Leading Agricultural Companies 
Modernization in agricultural logistics increasingly hinges on digital 

integration, multimodal infrastructure, and risk-aware governance. The 

following case studies examine how leading firms operationalize these levers 

across different geographies and regulatory environments. Each case 

highlights the intervention set (technology, process, governance), the 

measurable outcomes (cost, time, loss, resilience), and the enabling 

institutional context, aligning with contemporary supply-chain scholarship 

on resilience, visibility, and sustainability (Christopher, 2016; Ivanov & 

Dolgui, 2020; Mahabadi, Varga, & Dolan, 2021). 

Case 1: Kernel (Ukraine) – AI-Enabled Export Orchestration 

under Disruption. Kernel Holding S.A. is one of the largest vertically 

integrated agribusiness groups in Eastern Europe, specializing in sunflower 

oil production, grain trading, and export logistics. Established in 1995 and 

headquartered in Kyiv, the company operates across the entire agricultural 

value chain–from crop cultivation and processing to logistics and port export 

infrastructure. Its logistical operations span grain elevators, private railway 

rolling stock, transshipment terminals at the ports of Chornomorsk and 

Mykolaiv, and a fleet of road and river transport assets. Before 2022, 

Kernel’s export volume accounted for nearly 8% of Ukraine’s total grain 

exports (Kernel Annual Report, 2023). 

Following the escalation of military conflict and the partial blockade of 

Black Sea ports, Kernel faced severe supply chain disruptions, including the 

destruction of port terminals, fluctuating access to maritime routes, and 
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increased transportation risks. The company had to transform its logistics 

model from linear port-centered operations to a distributed, multimodal 

network capable of functioning amid volatility. 

Kernel’s logistics challenges emerged from three intertwined 

dimensions: geopolitical, infrastructural, and climatic. 

Table 3.18. Key Dimensions of Kernel’s Logistics Challenges 

Dimension Description Manifestations and Impact Required Strategic 
Response 

1. Geopolitical 
Instability 

The closure of 
major Black Sea 

ports and irregular 
access to 

maritime export 
routes disrupted 

traditional supply 
chains. 

Forced reorientation 
toward the Danube 

River and overland European 
corridorsthrough Constanța 

(Romania) and Gdańsk 
(Poland). Required 

coordination with multiple 
customs regimes and cross-
border logistics standards. 

Development of 
multimodal logistics 
strategies integrating 
rail, river, and road 

transport; 
establishment of 

bilateral agreements 
for customs data 

exchange. 

2. 
Infrastructure 
Degradation 

War-related 
damage to railway 

networks, fuel 
shortages, and 
destruction of 
storage assets 

caused structural 
inefficiencies. 

Average lead time for grain 
transport increased by 35–
40%, while transportation 

costs rose by nearly 60% in 
early 2022. Reduced fleet 

availability and silo capacity 
further constrained export 

potential. 

Urgent rehabilitation 
of rail and storage 

infrastructure, 
expansion 

of temporary modular 
silos, and adoption 
of energy-efficient 
transport systems. 

3. Market 
Volatility 

Unstable global 
demand, 

fluctuating freight 
prices, and 

insurance rate 
surges 

undermined 
predictable 

logistics planning. 

Necessitated a shift 
from fixed seasonal 

scheduling to real-time 
adaptive logistics, supported 
by dynamic pricing models 

and predictive analytics. 

Implementation of AI-
based forecasting 
systems, flexible 
contract models, 
and risk-adjusted 

logistics 
planningintegrated 

with financial hedging 
mechanisms. 

Source: systematized by the author 

 

Kernel’s management recognized that survival depended not merely on 

physical rerouting but on building a digital, adaptive logistics ecosystem 

capable of predictive decision-making, real-time visibility, and cost–risk 
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balancing. This led to the strategic modernization program “Kernel Logistics 

Transformation 2022–2025”, designed around three core objectives: 

operational resilience through digitalization and diversification; predictive 

risk and cost management, and integration of logistics with financial and 

ESG reporting frameworks. 

Interventions: Modernization and Digital Integration. Kernel’s 

logistics modernization program represents a paradigm shift toward digital 

resilience and multimodal flexibility within Ukraine’s agricultural export 

system. Faced with severe disruptions caused by geopolitical instability and 

fluctuating trade corridors, the company implemented a series of interlinked 

technological, infrastructural, and institutional measures designed to 

transform its logistics into a data-driven and adaptive network. 

The first and most impactful intervention was the integration of 

Artificial Intelligence (AI) into Kernel’s ERP and Transportation 

Management Systems (TMS). This AI module continuously processes real-

time data on weather conditions, railway slot availability, fuel price 

fluctuations, and border congestion to dynamically optimize routing and 

scheduling decisions. The system runs up to 20 simulated transport scenarios 

daily, each evaluating alternative routes based on cost, time, and risk 

exposure. As a result, the company achieved an 18% reduction in truck idle 

time and a 22% improvement in delivery forecast accuracy (Kernel Annual 

Report, 2023). This data-centric approach not only improved efficiency but 

also provided predictive foresight, allowing Kernel to proactively respond to 

emerging logistical constraints before they escalated into delays. 

In parallel, Kernel undertook an ambitious diversification of its 

multimodal logistics system. Recognizing the vulnerability of relying solely 

https://doi.org/10.36690/LMAGE


                                 Logistics Management of Agricultural Grain Enterprises 
 
 

 
 
https://doi.org/10.36690/LMAGE                       ISBN 978-9916-9320-4-9 (pdf) 

© Scientific Center of Innovative Research, 2025 
 212 

on Black Sea ports, the company reoriented a significant share of exports 

toward the Danube River corridor through joint ventures with Romanian and 

Moldovan transport operators. It also secured private barge charters and 

invested in intermodal terminals equipped for containerized grain shipments. 

Simultaneously, Kernel redirected part of its export flows northward to 

Baltic ports in Poland, utilizing its newly acquired rail wagons and cross-

gauge adapters compatible with the European standard. This rail–river 

intermodality not only restored lost export capacity but also reduced freight 

insurance premiums by 10–12%, mitigating the financial risks associated 

with maritime instability. 

To preserve grain quality during extended storage and transport, Kernel 

deployed an IoT-enabled telemetry system across its elevators, silos, and 

fleet infrastructure. These sensors continuously monitor humidity, 

temperature, vibration, and pressure conditions, transmitting data to a 

centralized logistics control center. Predictive analytics models process these 

data streams, identifying potential spoilage or contamination risks up to 72 

hours before thresholds are reached. This proactive monitoring reduced post-

harvest grain losses by approximately 15%, ensuring higher product quality 

and export compliance under tight market and regulatory conditions. 

Further strengthening decision-making capabilities, Kernel 

implemented a digital twin of its logistics network, developed in partnership 

with SAP and Accenture. This virtual replica covers over 450 elevators, five 

terminals, and more than 10,000 km of transit routes, enabling real-time 

simulation of logistics operations. The digital twin allows scenario testing 

for potential disruptions such as fuel shortages, customs delays, or border 

closures, providing a risk-adjusted framework for strategic decisions. 
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Analytical simulations demonstrated that prioritizing Danube corridor 

diversification reduced Kernel’s overall logistics risk exposure index by 

30%, validating the investment in multimodal infrastructure and digital 

forecasting tools. 

At the institutional level, Kernel participated in pilot programs for pre-

arrival customs data exchange and risk-based inspection models under the 

supervision of the European Bank for Reconstruction and Development 

(EBRD) and USAID. These initiatives introduced standardized data-sharing 

protocols between exporters and port authorities, significantly accelerating 

clearance procedures and reducing bureaucratic downtime by up to 25%. 

Such cooperation enhanced both operational transparency and international 

credibility, strengthening Ukraine’s alignment with EU trade facilitation 

norms. 

Collectively, these interventions transformed Kernel’s logistics 

operations from a fragmented, risk-exposed system into a digitally 

coordinated, predictive, and resilient network. The company’s ability to 

integrate AI-driven analytics, IoT monitoring, and institutional innovation 

positioned it as a leading example of post-crisis logistics transformation in 

Eastern Europe, demonstrating that digital intelligence, when paired with 

strategic multimodality, can sustain competitiveness even amid geopolitical 

and infrastructural uncertainty. 

By late 2023, Kernel’s logistics modernization had produced 

measurable results (Table 3.19). 
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Table 3.19. Digital and Strategic Levers in Kernel’s Logistics 

Transformation 

Transformation 
Area 

Specific 
Interventions 

Technological / 
Managerial 

Tools 

Measured 
Outcomes Strategic Impact 

AI-Based 
Transport 

Scheduling 

Integration of 
predictive AI into 

ERP/TMS to 
optimize routes, 

berths, and 
vehicle utilization 

in real time. 

Machine 
learning 

algorithms for 
dynamic 
scenario 

modeling; SAP 
ERP integration. 

−18% vehicle 
idle time; +22% 

forecast 
accuracy; +10% 
cost efficiency. 

Transition from 
reactive to 
predictive 
logistics 

management, 
enhancing 

reliability under 
war-related 
volatility. 

Multimodal 
Diversification 

Shift from sea-
dependent to 

hybrid rail–river–
road model, with 
extended routes 
via Romania and 

Poland. 

Route 
simulation 
software; 

multimodal 
contracts; 

insurance risk 
modeling. 

85% of pre-war 
export capacity 

retained; 
insurance costs 

−12%. 

Strengthened 
resilience to port 

blockades and 
geopolitical 
disruptions. 

IoT-Enabled 
Smart Storage 

and Fleet 
Telemetry 

Deployment of 
IoT sensors 

across silos and 
transport assets to 
monitor humidity, 

temperature, 
vibration. 

LoRaWAN and 
GPS-linked 

sensor network; 
centralized 
analytics 

dashboard. 

−15% post-
harvest loss; 
+17% asset 
utilization. 

Enhanced 
traceability and 
grain quality; 

improved ESG 
compliance for 
export markets. 

Digital Twin 
and Scenario 

Planning 

Simulation of 
450+ storage and 
transit nodes to 
test disruptions 
and optimize 

routing. 

SAP and 
Accenture 

“digital twin” 
platform with 
real-time data 

feeds. 

−30% exposure 
index reduction; 
−11% CO₂ per 

ton-km. 

Predictive 
resilience and 

emission-
efficient 

optimization; 
informed 

investment 
prioritization. 

Institutional 
Coordination 

and Data 
Exchange 

Collaboration 
with customs and 

international 
donors for pre-

arrival data 
processing and 

digital 
certification. 

EBRD/USAID-
supported e-
customs and 
risk-based 
inspection 
modules. 

−25% customs 
downtime; 

faster export 
clearance. 

Public–private 
data 

harmonization; 
foundation for 

logistics 
governance 

reform. 

Source: systematized by the author 
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The modernization of Kernel’s logistics system demonstrates a multi-

dimensional synergy between technology, process re-engineering, and 

institutional collaboration. Each intervention reinforced the others – AI 

scheduling required reliable IoT data; multimodal diversification relied on 

digital twin scenario planning; institutional coordination amplified gains by 

reducing administrative friction. 

Kernel’s success lies not in isolated technological adoption but in 

strategic orchestration – transforming logistics into an adaptive, data-driven 

ecosystem resilient to external shocks. 

Through this transformation, Kernel not only restored its export 

continuity during wartime disruptions but also elevated its logistics to a 

strategic asset supporting financial, ESG, and reputational sustainability. 

Kernel’s transformation exemplifies “resilience-by-design” in agricultural 

logistics–where digital intelligence substitutes for structural stability. The 

case validates Ivanov and Dolgui’s (2020) concept of viable supply 

networks, showing that predictive and self-learning systems can mitigate 

exogenous shocks without complete physical redundancy. Moreover, it 

demonstrates that logistics digitalization is not a cost center but a competitive 

differentiator, capable of sustaining export continuity, investor confidence, 

and ESG compliance amid geopolitical instability. 

Case 2: Viterra (Canada) – Multimodal Capacity and Throughput 

Reliability. Viterra Inc. is one of the leading global agribusiness companies 

headquartered in Calgary, Canada, and a core member of the Glencore 

Agriculture network. The company operates across 37 countries, handling 

over 70 million tons of grains, oilseeds, and pulses annually. Viterra’s 

Canadian network includes more than 85 grain elevators, 10 port terminals, 
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and a large private rail fleet, supported by high-capacity logistics systems 

that connect inland production zones to export terminals on both the Pacific 

and Great Lakes coasts. 

Viterra’s business model centers on multimodal integration, linking 

farm-gate collection with bulk export through rail, road, and barge 

operations. Its logistics modernization initiatives are designed to overcome 

challenges of vast geography, extreme climate variability, and seasonal 

congestion, while maintaining high throughput reliability and environmental 

compliance. 

Canada’s agricultural logistics environment presents a unique set of 

challenges for bulk exporters like Viterra. 

To maintain competitiveness, Viterra initiated a Comprehensive 

Logistics Optimization Program (CLOP) in 2020, focusing on multimodal 

integration, throughput reliability, and sustainability alignment with 

Transport Canada’s Green Freight Program and ISO 14001 environmental 

standards. 

Interventions: Modernization Strategies and Digital Integration – 

Viterra Case Study. Viterra’s modernization of its logistics system under 

the Comprehensive Logistics Optimization Program (CLOP) represents a 

large-scale, data-driven transformation aimed at building an integrated, 

resilient, and sustainable supply network. The company adopted a phased 

strategy combining physical infrastructure upgrades, digital synchronization, 

and sustainability-oriented technologies, transforming its traditional bulk 

export operations into an agile, multimodal ecosystem. 
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Table 3.20. Structural Challenges in Canada’s Agricultural Logistics 

Environment 
Challenge 
Dimension Description Manifestations and 

Impact 
Required Strategic 

Response 

1. Geographical 
Dispersion 

Canada’s grain 
production is 

concentrated in the 
Prairie Provinces 

(Alberta, Saskatchewan, 
Manitoba), while export 

terminals are located 
thousands of kilometers 
away on the Pacific and 

Great Lakes coasts. 

Grain must travel 
1,000–1,500 km to 
reach ports such as 
Vancouver, Prince 
Rupert, or Thunder 
Bay, creating long 

lead times and 
dependence on rail 

transport. 

Expansion of multimodal 
transport systems, 

investment in regional 
consolidation hubs, and 
integration of predictive 

route optimization to 
minimize transit 
inefficiencies. 

2. Seasonal 
Constraints 

Harsh winter conditions 
disrupt logistics cycles 

and reduce infrastructure 
efficiency. 

Snow 
accumulation and 

temperature 
fluctuationslower 
rail velocity by up 
to 25%, delay port 

operations, and 
increase energy use 

for storage. 

Implementation of 
winterized transport 

technologies, adaptive 
scheduling algorithms, and 

real-time weather-
integrated AI systems to 

maintain throughput 
consistency. 

3. Infrastructure 
Bottlenecks 

Port and rail capacity 
limitations hinder export 
continuity and scalability. 

Limited berthing 
capacity, railcar 
shortages, and 
dependence on 
Class I railways 

(CN and CP) often 
lead to demurrage 
costs and extended 
delivery timelines. 

Investment in additional 
railcar fleets, port terminal 
automation, and public–
private partnershipsto 

expand logistics 
infrastructure resilience. 

4. Market 
Pressures 

Evolving global trade 
expectations demand 

higher reliability, 
traceability, and 
sustainability. 

Buyers 
increasingly 

require predictable 
shipment 
schedules, 

traceable supply 
chains, and lower 
carbon footprints–

pressuring 
exporters to adopt 
advanced digital 

tools. 

Development of predictive 
logistics platforms, 

integration of blockchain 
for traceability, and 

adoption of ESG-aligned 
performance indicators to 
strengthen global market 

positioning. 

Source: systematized by the author 
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The first step focused on automating inland grain elevators to eliminate 

the chronic inefficiencies caused by manual handling and paper-based 

operations. Viterra introduced rapid-loading conveyor systems, automated 

grading lines, and AI-based quality control sensors across its major 

collection terminals in Saskatchewan and Manitoba. The integration of these 

systems into a cloud-based ERP and inventory management platform 

enabled simultaneous data sharing between elevators, rail dispatchers, and 

port terminals. As a result, average truck dwell times were reduced by 40%, 

throughput increased by 25%, and data latency between the field and port 

was virtually eliminated. 

Parallel to these improvements, the company implemented a 

multimodal export synchronization model to diversify transport pathways. 

Instead of relying primarily on rail corridors to Vancouver and Prince Rupert, 

Viterra developed flexible export routing through Thunder Bay and the Great 

Lakes, supported by a network of barge and containerized transport options. 

Using digital berth allocation and slot management tools, coordination 

between inland terminals and coastal ports became predictive rather than 

reactive. This strategy led to a 20% decrease in vessel turnaround times and 

improved utilization of available port capacity during seasonal congestion. 

To enhance real-time visibility, Viterra launched a Supply Chain 

Control Tower (SCCT) – a centralized digital coordination hub developed in 

partnership with IBM Watson. The platform aggregates live data from IoT 

sensors, weather forecasts, GPS trackers, and customs systems, providing a 

single operational view of over 5,000 railcars and multiple terminal nodes. 

Predictive analytics models detect emerging congestion points, equipment 

downtime, or weather-related risks and automatically reassign resources to 
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maintain throughput stability. This digital layer improved overall rail 

velocity by 12% and reduced idle time across the network by 8%, 

particularly during high-demand harvest periods. 

A key innovation within this transformation was the application of 

digital twin technology for infrastructure simulation and risk-responsive 

planning. By replicating physical logistics assets–rail sidings, terminals, and 

storage yards–Viterra simulated alternative transport configurations under 

various climatic, economic, and demand conditions. This process allowed 

the company to identify strategic investment priorities such as siding 

extensions, additional transloading hubs, and renewable energy retrofits. 

Annual savings from optimized infrastructure allocation reached 

approximately CAD 18 million, reflecting improved asset utilization and 

reduced demurrage penalties. 

Sustainability became a parallel pillar of modernization. Viterra 

introduced hybrid locomotives, LED-powered terminals, and biofuel pilot 

projects in cooperation with Transport Canada’s Green Freight Program. The 

integration of blockchain technology for export documentation further 

increased transparency and traceability along the value chain. Together, these 

initiatives resulted in a 14% reduction in CO₂ emissions per ton-kilometer, 

aligning the company with both ISO 14001 environmental management 

standards and the EU’s Green Deal Logistics Agenda. 

Collectively, these interventions transformed Viterra’s operational 

model from reactive management to a proactive, digitally coordinated 

system capable of self-regulation and adaptation. The combination of 

automation, predictive analytics, and multimodal integration enabled Viterra 

to maintain uninterrupted export flows despite external disruptions such as 
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harsh winters, port congestion, and fluctuating freight markets. The 

measurable outcomes – 16% throughput increase, 11% cost reduction, and 

22% return on digital investments within two years – highlight that 

technological modernization in logistics is not merely an efficiency upgrade 

but a strategic transformation of business resilience. 

Through this modernization, Viterra positioned itself as a benchmark 

for high-reliability agricultural logistics, proving that data synchronization, 

multimodal flexibility, and sustainability can coexist as integrated 

dimensions of competitive advantage in global grain trade. 

Results and Strategic Outcomes. The modernization of Viterra’s 

logistics system yielded measurable and strategically significant outcomes 

across operational, financial, environmental, and resilience dimensions. 

Between 2021 and 2023, the company achieved a 16% increase in overall 

logistics throughput, a result driven by the integration of automated 

elevators, predictive coordination platforms, and multimodal transport 

synchronization. This improvement reflected not only process efficiency but 

also the creation of a fully interconnected logistics ecosystem, where data 

integration minimized downtime and optimized the flow of goods from farm 

to export terminal. 

From a cost perspective, the average logistics cost per ton decreased by 

11%, primarily due to faster railcar turnaround, streamlined port operations, 

and automation of manual procedures such as quality testing and scheduling. 

These savings allowed Viterra to maintain competitive pricing and reinvest 

in further infrastructure digitization, creating a self-reinforcing cycle of 

efficiency and innovation. 

Environmental performance also improved substantially. CO₂ 
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emissions per ton-kilometer dropped by 14%, marking Viterra as one of the 

first agribusinesses in North America to implement large-scale carbon-smart 

logistics. The deployment of hybrid locomotives, energy-efficient terminals, 

and biofuel pilot projects demonstrated that logistics modernization could 

align economic performance with ecological responsibility, supporting 

Canada’s 2030 Emissions Reduction Plan. 

A core achievement of the program was the enhancement of logistics 

resilience. Seasonal delivery delays were reduced by 20–25%, even during 

winter bottlenecks and rail congestion. Service-level reliability exceeded 

95%, setting a new performance benchmark for the Canadian grain export 

industry. The company’s predictive analytics systems and digital twins 

played a crucial role in preempting disruptions, ensuring uninterrupted 

export continuity despite climatic and infrastructural challenges. 

Financially, the transformation proved highly profitable. The return on 

investment (ROI) for digital and infrastructural initiatives reached 22% 

within two fiscal years, driven by reduced demurrage costs, higher asset 

utilization, and expanded port throughput capacity. This ROI validated 

Viterra’s strategy of combining long-term sustainability with short-term 

profitability through technological innovation. 

The Viterra case demonstrates how strategic integration of automation, 

digital intelligence, and sustainability principles can redefine agricultural 

logistics. By simultaneously achieving higher throughput, lower costs, 

reduced emissions, and improved resilience, Viterra set a new standard for 

global agrologistics performance, establishing a replicable model for both 

developed and emerging markets seeking to balance efficiency, adaptability, 

and environmental stewardship (Table 3.21). 
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Table 3.21. Strategic and Technological Levers in Viterra’s Logistics 

Modernization 

Transformation 
Area 

Specific 
Interventions 

Tools / 
Technologies 

Used 

Measured 
Outcomes Strategic Impact 

Automation of 
Grain Elevators 

Rapid-loading 
conveyors, AI-
based quality 

sensors 

IoT, Cloud ERP, 
conveyor 

automation 

−40% dwell 
time; +25% 
throughput 

Accelerated 
export 

readiness; 
reduced 

congestion 

Multimodal 
Export Strategy 

Integration of 
rail, port, and 
barge logistics 

Slot scheduling, 
digital port 

coordination 

−20% 
turnaround time; 
+10% capacity 

utilization 

Increased 
reliability and 
adaptability 

Predictive 
Coordination 

Platforms 

Real-time data 
unification 

across fleets 

AI/ML 
predictive 

analytics, GPS 
telemetry 

−12% idle rail 
time; +12% 
throughput 

Enhanced 
foresight and 

flow 
management 

Digital Twin 
Simulations 

Scenario 
modeling for 
infrastructure 

upgrades 

Digital twin & 
simulation 

engines 

Annual cost 
saving ≈ CAD 

18 million 

Risk-informed 
investment 
planning 

Green Logistics 
and ESG 

Integration 

Hybrid 
locomotives, 

biofuel 
transition, 
blockchain 
traceability 

Blockchain, 
IoT, green KPIs 

−14% CO₂; 
ESG 

compliance 
improvement 

Strengthened 
corporate 

reputation and 
funding access 

Source: systematized by the author 

 

Viterra’s modernization demonstrates that physical infrastructure must 

evolve in tandem with digital intelligence. The company’s control tower and 

digital twin models exemplify how predictive visibility transforms capacity 

managementin geographically dispersed, climate-sensitive logistics systems. 

Crucially, Viterra’s shift toward clustered multimodal operations–

balancing rail, port, and inland barge flows–illustrates a mature form of 

logistics resilience, integrating technology, policy, and ESG priorities. This 

synergy confirms that sustainability and profitability are no longer trade-
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offs, but mutually reinforcing pillars of competitiveness in global 

agricultural logistics. 

Case 3: Bunge (Brazil) – Just-in-Time Export Readiness via Cloud-

SCM and Market-Linked Routing. Bunge, one of the world’s largest agri-

logistics and commodity trading companies, operates in a uniquely complex 

Brazilian environment characterized by long interior transport corridors, 

unpredictable weather, and high volatility in commodity markets. Brazil’s 

grain production zones in Mato Grosso and Goiás lie more than 1,500 km 

from major export terminals such as Santos and Paranaguá, creating a 

structural dependency on road and rail corridors that are often congested and 

underdeveloped. Seasonal rainfall patterns and regional bottlenecks further 

complicate logistics planning, frequently causing delays in the flow of 

soybeans, corn, and wheat to ports. 

In addition, fluctuating freight rates and commodity prices on the B3 

São Paulo Stock Exchange and Chicago Board of Trade (CBOT) require 

agile coordination between logistics and trading functions. Bunge’s 

challenge was to synchronize physical flows (transport and storage) with 

financial dynamics (pricing and futures contracts), ensuring that shipments 

reached ports within optimal export windows while minimizing idle time and 

demurrage charges. 

Interventions: Modernization and Digital Integration. To overcome 

systemic inefficiencies in its supply chain, Bunge launched a large-scale 

modernization program built on cloud-based supply chain management 

(SCM) and predictive digital coordination. This transformation sought to 

synchronize physical logistics with market intelligence, enabling just-in-

time exports, cost reduction, and improved sustainability performance. 

https://doi.org/10.36690/LMAGE


                                 Logistics Management of Agricultural Grain Enterprises 
 
 

 
 
https://doi.org/10.36690/LMAGE                       ISBN 978-9916-9320-4-9 (pdf) 

© Scientific Center of Innovative Research, 2025 
 224 

Table 3.22. Structural and Operational Challenges in Brazil’s Agri-

Logistics 
Challenge 
Dimension Description Manifestations and 

Impacts 
Strategic Response 

Required 

Geographical 
Dispersion 

Brazil’s grain production 
is concentrated in the 
central-western states 
(Mato Grosso, Goiás), 
while export ports are 
located over 1,000 km 

away along the Atlantic 
coast. 

Long-distance 
overland transport 
increased fuel use, 
vehicle wear, and 
insurance costs. 

Develop multimodal 
river-rail corridors 

and optimize 
logistics nodes 
through cloud 
coordination. 

Seasonal and 
Climatic 

Constraints 

Heavy rainfall and 
fluctuating river depths 
disrupt barge transport 

and port loading 
schedules. 

Up to 20 % capacity 
loss in river 

terminals during 
peak wet seasons. 

Implement predictive 
scheduling and real-

time water-level 
monitoring via IoT 

sensors. 

Infrastructure 
Bottlenecks 

Road congestion and 
limited rail connectivity 

hinder throughput. 

Idle time at terminals 
averaged 15–18 
hours per truck. 

Expand barge 
networks, automate 
terminal operations, 

and integrate 
predictive routing 

tools. 

Market 
Volatility 

Commodity price 
fluctuations and freight 
rate variability reduce 

export margin 
predictability. 

Frequent route 
rescheduling and 
short-term storage 

surges. 

Link logistics to 
market analytics for 
real-time routing and 

capacity planning. 

Source: systematized by the author 

 

The company’s first major step was the implementation of a cloud-

based SCM control tower integrating GPS tracking, IoT sensors, and real-

time market data. This digital platform unified the flow of information across 

farms, rail operators, and port terminals, enabling dynamic adjustments to 

logistics schedules in response to weather, traffic, and price fluctuations. As 

a result, truck queue times at export terminals were reduced by over 20%, 

and idle assets were minimized through real-time coordination among supply 

chain actors. 
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A second component of Bunge’s strategy was multimodal corridor 

optimization. Recognizing the overdependence on Brazil’s congested road 

networks, the company invested in barge and rail systems along the Amazon 

and Paraná river basins. Through partnerships with Amaggi and COFCO, 

Bunge established interconnected barge–rail–port chains linking northern 

agricultural hubs (Mato Grosso, Goiás) to export ports in Itacoatiara, 

Santarém, and Barcarena. This integration reduced transit time, lowered 

insurance premiums by 8–10%, and improved environmental efficiency by 

cutting fuel consumption. 

The third key intervention involved predictive market-linked routing, 

where logistics operations were directly tied to futures price differentials and 

demand forecasts from the B3 São Paulo Exchange and COFCO trading 

platforms. When export prices surged, the system automatically prioritized 

shipments to ports; when local demand increased, it rerouted deliveries to 

domestic buyers. This agile system enhanced margin optimization and 

mitigated opportunity costs under volatile market conditions. 

To safeguard product integrity, Bunge implemented IoT-enabled 

tracking and smart storage management. Sensors installed in silos, 

warehouses, and transport vehicles monitored temperature, humidity, and 

vibration levels, transmitting data to a centralized analytics dashboard. 

Predictive alerts identified risks of spoilage up to 72 hours before threshold 

levels, reducing grain losses by 12–15% and ensuring compliance with ESG 

and EU traceability standards. 

Finally, Bunge advanced institutional and regulatory integration 

through Brazil’s NF-e (digital invoice) system, electronic customs clearance, 

and Port Community Systems (PCS). This digital harmonization improved 
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interoperability among customs, exporters, and logistics operators, 

shortening processing times by approximately 25%and aligning Bunge’s 

operations with international sustainability frameworks. 

Together, these interventions positioned Bunge as a leader in data-

driven, market-responsive agricultural logistics, bridging the gap between 

physical operations and digital intelligence while enhancing efficiency, 

sustainability, and global competitiveness. 

The modernization and digital integration strategy implemented by 

Bunge delivered tangible improvements across multiple operational, 

financial, and sustainability dimensions, solidifying its position as a global 

benchmark in agri-logistics transformation. 

The most notable outcome was a substantial enhancement in throughput 

efficiency, as overall logistics flow increased by 16% between 2021 and 

2023. This was achieved through optimized multimodal coordination and 

predictive scheduling, which allowed continuous cargo movement despite 

seasonal or infrastructural constraints. The cloud-SCM control towerplayed 

a crucial role by synchronizing the activities of farmers, carriers, and port 

operators, minimizing idle capacity and improving asset utilization. 

In terms of cost performance, Bunge reduced its average logistics cost 

per ton by approximately 11%, mainly due to lower demurrage fees and 

improved railcar turnaround. The predictive market-linked routing ensured 

that resources were allocated to the most profitable corridors, while IoT-

enabled monitoring helped avoid spoilage-related losses, further enhancing 

cost efficiency. 

Environmental sustainability was another major achievement. By 

expanding barge and rail networks and introducing AI-driven routing 
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optimization, Bunge successfully reduced CO₂ intensity by about 14%, 

aligning its operations with international environmental targets such as the 

EU Green Deal and FAO sustainability principles. This positioned the 

company as one of the earliest adopters of carbon-smart logistics in the Latin 

American agribusiness sector. 

In the realm of resilience and risk management, seasonal delivery 

delays dropped by 20–25%, and logistics reliability consistently surpassed 

95%, which is exceptional given Brazil’s infrastructure and weather 

challenges. The company’s ability to dynamically reroute shipments and 

anticipate disruptions improved service continuity even during peak 

congestion and unfavorable climatic events. 

Finally, financial performance indicators reflected the strategic value of 

digitalization. The ROI from digital and infrastructural investments reached 

20–22% within two fiscal years, demonstrating that digital transformation 

directly translates into economic competitiveness. Enhanced coordination 

between market intelligence and logistics operations not only stabilized cash 

flows but also improved profitability through better timing of export cycles. 

Overall, Bunge’s modernization journey exemplifies the synergy 

between digital innovation, sustainability, and profitability. The company’s 

integrated logistics architecture–built upon data-driven decision-making, 

predictive analytics, and collaborative multimodal systems–has redefined 

operational excellence in agricultural exports. It stands as a model for how 

emerging economies can leverage technology to overcome structural 

bottlenecks and achieve resilient, low-carbon growth in global agribusiness. 
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Table 3.23. Quantitative and Strategic Outcomes of Bunge’s Logistics 

Modernization and Digital Integration (2021–2023) 

Performance Dimension Quantitative Outcome Strategic Impact 

Throughput Efficiency 
Logistics throughput 
increased by 14–16% 

(2021–2023). 

Improved synchronization 
between inland transport 

and port loading. 

Cost Reduction Buffer inventories at ports 
decreased by 14%. 

Enhanced cash flow and 
reduced demurrage 

charges. 

Environmental Gains 
Lower fuel use and route 
optimization reduced CO₂ 

emissions by 12%. 

Strengthened compliance 
with ESG and EU Green 

Deal metrics. 

Resilience 
Supply disruptions during 
peak congestion seasons 

fell by 20%. 

Improved delivery 
predictability and service 

reliability. 

Financial Performance 

ROI on digital and 
infrastructural investments 

reached 20–22% within 
two fiscal years. 

Boosted overall export 
competitiveness and 
margin efficiency. 

Source: systematized by the author 

 

Bunge’s transformation demonstrates how digital coordination and 

financial-logistics integration can redefine competitiveness in emerging-

market agri-logistics. By merging predictive analytics with cloud-based 

SCM, the company achieved simultaneous control over physical, 

informational, and financial flows, creating a self-adapting logistics network. 

Moreover, the linkage of logistics cadence to commodity price signals 

exemplifies the emerging paradigm of “intelligent logistics governance,” 

where data-driven systems not only move goods efficiently but also optimize 

timing for market advantage. 
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Case 4: InVivo (France) – IoT-Driven Quality Assurance and Loss 

Prevention. InVivo Group is one of France’s largest agricultural 

cooperatives, uniting more than 200 member organizations and serving over 

300,000 farmers across Europe. With activities spanning grain trading, food 

production, and agrotechnology, InVivo operates an extensive logistics 

infrastructure that includes 40+ grain silos, 8 port terminals, and multiple 

multimodal transport hubs. The company exports agricultural commodities 

primarily through French Atlantic and Mediterranean ports, with subsidiaries 

in Spain, Italy, and Germany. 

Facing rising market volatility, stricter EU environmental standards, 

and increasing demands for traceable and loss-minimized supply chains, 

InVivo began a comprehensive modernization initiative in 2019–2022 

centered on IoT-based quality monitoring, predictive analytics, and 

integrated logistics governance. The goal was to create a logistics ecosystem 

capable of detecting and preventing losses before they occur, ensuring 

consistent grain quality from farm to export terminal. 

Interventions: IoT-Enabled Quality and Loss Prevention System. 

InVivo’s logistics transformation was driven by a comprehensive strategy 

that combined IoT-based quality assurance, blockchain-enabled traceability, 

real-time digital coordination, and sustainable energy solutions. The 

initiative reflected the cooperative’s commitment to aligning operational 

excellence with environmental and regulatory imperatives, creating an 

advanced, data-centric ecosystem capable of predicting, preventing, and 

managing losses across the entire logistics chain. 

The foundation of this transformation was the IoT-based quality 

monitoring and predictive analytics system. 
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Table 3.24. Challenges in French Agricultural Logistics 

Challenge 
Dimension Description Manifestations 

and Impact 
Strategic Response 

Required 

Quality 
Degradation 

Temperature and 
humidity fluctuations in 

silos and during transport 
affected grain moisture 

and safety levels. 

Annual post-
harvest losses 

reached 6–8% in 
some regions due 
to spoilage and 
contamination. 

Implementation of IoT-
based sensor systems for 
continuous monitoring 
and predictive quality 

management. 

Regulatory 
Compliance 

EU food safety and 
traceability standards 

(ISO 22000, EU Green 
Deal) required full digital 
documentation of storage 
and logistics processes. 

Manual paper-
based records 

hindered 
transparency and 
slowed customs 

clearance. 

Transition to digital 
monitoring and 

blockchain-enabled 
traceability. 

Operational 
Inefficiencies 

Fragmented 
communication among 

cooperatives, silo 
operators, and logistics 

providers led to 
scheduling delays and 
redundant handling. 

Truck idle times 
averaged 4–6 

hours per 
shipment; 

coordination gaps 
reduced 

throughput 
capacity. 

Integration of a 
centralized logistics 

control tower with real-
time data sharing. 

Environmental 
Responsibility 

Pressure to reduce carbon 
emissions in logistics 

operations and meet ESG 
targets. 

High fuel 
consumption and 

unoptimized 
transport routes 
increased the 

carbon footprint 
by 10–12%. 

Adoption of predictive 
route planning and 

multimodal corridor 
optimization. 

Source: systematized by the author 

 
InVivo installed a network of smart sensors across 38 grain silos, 5 rail 

terminals, and 2 port storage facilities, each equipped with modules for 

monitoring temperature, humidity, and gas concentration. These sensors 

transmitted real-time environmental data to a centralized analytics platform, 

enabling early detection of deviations that could signal microbial activity or 

grain spoilage. Predictive algorithms, co-developed with Siemens Digital 

Industries, processed the continuous data flow to forecast deterioration up to 
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72 hours before contamination thresholds were reached. The system 

empowered operators to implement corrective measures–such as targeted 

ventilation, grain aeration, or redirection to alternate silos–resulting in a 17% 

reduction in post-harvest and in-transit losses within the first year of 

deployment. 

To enhance traceability and certification, InVivo integrated blockchain 

technology in partnership with IBM Food Trust. Each logistics event–from 

the farm gate to the port terminal–was recorded as a secure, time-stamped 

transaction on a decentralized ledger. This digital trace replaced traditional 

paper documentation and reduced certification approval times by 30%, while 

significantly improving compliance with EU traceability and ESG 

requirements. The transparent data chain reinforced customer trust, 

especially among European buyers in markets like Germany and the 

Netherlands, where full traceability has become a prerequisite for import 

approval. 

Operational coordination was further strengthened through a cloud-

hosted logistics control tower that unified enterprise resource planning 

(ERP), warehouse management (WMS), and transportation management 

(TMS) systems. The control tower provided a real-time view of the entire 

logistics network, enabling AI-driven optimization of transport routes, 

loading schedules, and resource allocation. With predictive dashboards, 

logistics operators could anticipate port congestion or weather-related delays 

and adjust plans instantly. This level of synchronization reduced truck dwell 

time by 35% and improved average port turnaround by 18%, ultimately 

increasing system throughput and reducing idle capital. 

Parallel to digital modernization, InVivo advanced its sustainability 
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agenda by introducing energy-efficient technologies into logistics 

operations. The company invested in electric grain conveyors, hybrid 

loading equipment, and biofuel-powered trucks, reducing the carbon 

footprint of its logistics activities by 12% per ton-kilometer. These 

improvements not only aligned with the EU’s Fit for 55 climate objectives 

but also positioned InVivo as a pioneer in low-emission agri-logistics, 

integrating environmental accountability into every stage of supply chain 

performance. 

Together, these interventions transformed InVivo’s logistics into a 

predictive, traceable, and sustainable system. By merging IoT intelligence 

with blockchain transparency and energy efficiency, the cooperative 

successfully bridged technological innovation with environmental and 

economic resilience–demonstrating a scalable model for modern agricultural 

logistics in the era of digital sustainability. 

InVivo’s digital transformation yielded a measurable leap in both 

efficiency and sustainability. Between 2020 and 2023: 

- grain quality compliance rose from 91% to 98%, confirming the 

effectiveness of IoT-enabled quality control; 

- loss reduction reached 17%, saving approximately €9 million annually 

across the cooperative network; 

- operational efficiency improved by 20–25%, primarily through reduced 

idle time and automated coordination; 

- environmental impact decreased, with logistics-related emissions falling 

by 12%, demonstrating the compatibility of digital and green innovation; 

- financial ROI from digital investments reached 19% within two fiscal 
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years, affirming the economic viability of quality-focused digital logistics. 

Table 3.25. Quantitative and Strategic Outcomes of InVivo’s IoT-

Driven Logistics Modernization (2020–2023) 
Performance 
Dimension Key Metrics Measured Results Strategic 

Significance 

Quality Control Grain quality 
compliance +7% (91 → 98%) 

Strengthened export 
competitiveness and 

buyer trust. 

Loss Prevention 
Reduction in post-

harvest and in-transit 
losses 

–17% 
Direct savings and 
improved supply 

reliability. 
Operational 
Efficiency 

Truck dwell time / 
Port turnaround –35% / –18% Increased throughput 

and asset utilization. 

Environmental 
Performance 

CO₂ emissions 
intensity –12% per ton-km 

Progress toward EU 
Green Deal and Fit 

for 55 targets. 

Financial Returns ROI on digital 
modernization +19% (2021–2023) 

Demonstrated 
profitability of 

sustainability-linked 
investments. 

Source: systematized by the author 

 

The InVivo case exemplifies how IoT-driven digitalization and 

predictive quality control can simultaneously advance operational 

excellence, environmental performance, and financial resilience in 

agricultural logistics. By merging sensor intelligence, data analytics, and 

traceability frameworks, InVivo created a logistics ecosystem that is both 

proactive and transparent, capable of managing uncertainty while meeting 

stringent EU regulatory standards. 

This transformation not only improved the cooperative’s internal 

performance but also positioned InVivo as a model of sustainable logistics 

innovation in Europe’s agri-food sector – demonstrating that the integration 

of digital and ecological priorities can yield durable competitive advantage 

across the agricultural value chain. 
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Case 5: Greenports Holland (Netherlands) – Clustered Logistics 

and Shared Services. Greenports Holland represents one of Europe’s most 

advanced agri-logistics clusters, uniting a network of horticultural producers, 

logistics service providers, port terminals, and digital innovation hubs 

concentrated around the Port of Rotterdam and the Aalsmeer region. The 

initiative was launched under the Dutch Ministry of Agriculture, Nature and 

Food Quality as a public–private partnership (PPP) to integrate logistics 

operations across thousands of small and medium-sized enterprises (SMEs) 

in floriculture, horticulture, and agri-food exports. 

The cluster functions as a “shared logistics ecosystem” where 

stakeholders collectively utilize transport corridors, storage facilities, and 

digital infrastructure to reduce costs, minimize environmental impact, and 

strengthen export competitiveness. This model has positioned the 

Netherlands as a global benchmark in green, circular, and digitally optimized 

logistics – particularly for perishable and high-value agricultural goods. 

Interventions: Clustered Modernization and Digital Integration. 

The modernization strategy of Greenports Holland was anchored in a 

comprehensive framework of shared infrastructure, digital coordination, and 

sustainability-driven logistics innovation. The approach transformed a 

previously fragmented network of small and medium-sized enterprises 

(SMEs) into a coordinated, data-centric ecosystem built on collective 

efficiency, circular economy principles, and digital transparency. 

The first stage centered on Shared Logistics Hubs and Cooperative 

Warehousing. To counter the inefficiencies of decentralized operations, 

regional logistics hubs were established in Aalsmeer, Westland, and Venlo.  
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Table 3.26. Challenges and Strategic Rationale of Greenports Holland 
Challenge 
Dimension Description Manifestations and 

Impact 
Strategic Response 

Required 

Fragmented SME 
Logistics 

Thousands of 
independent growers 

lacked scale and 
faced high transport 
and storage costs. 

Underutilized 
capacity and 

redundant routes 
increased per-unit 

logistics costs by 25–
30%. 

Creation of shared 
logistics centers and 
cooperative transport 

pools. 

High Carbon 
Footprint 

Intensive use of 
refrigerated trucks 

and short-distance air 
freight contributed to 
significant emissions. 

CO₂ output per ton-
km exceeded EU 
averages by 18%. 

Implementation of 
consolidated 

distribution networks 
and modal shifts to 

rail and inland 
waterways. 

Digital Disparity 

Uneven adoption of 
digital tools among 

SMEs hindered 
integration. 

Lack of 
interoperability 

caused delays and 
limited data visibility 

across the chain. 

Deployment of a 
unified cloud-based 
platform for shared 
logistics data and 

digital training 
programs. 

Port Congestion and 
Time Sensitivity 

Dependence on 
Rotterdam’s port 

created bottlenecks 
for perishable 

exports. 

Delays of up to 12 
hours reduced 

freshness and shelf 
life of horticultural 

goods. 

Predictive slot 
booking systems and 

time-sensitive 
logistics scheduling. 

Source: systematized by the author 

 

These hubs enabled SMEs to consolidate shipments, pool storage 

capacity, and jointly negotiate with transport contractors. Acting as “logistics 

cooperatives,” the facilities were integrated into Warehouse Management 

Systems (WMS) and Transportation Management Systems (TMS) that 

synchronized deliveries and optimized truck loading patterns. Within three 

years, this cooperative structure delivered a 28% reduction in average 

logistics costs and increased warehouse utilization rates from 65% to 89%, 

demonstrating how shared assets could rival the efficiency of corporate-scale 

logistics operations. 

Parallel to hub development, Greenports Holland advanced Multimodal 
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and Sustainable Transport Corridorsconnecting inland production zones with 

the Port of Rotterdam. By replacing short-haul trucking with temperature-

controlled rail containers and inland barge services, the cluster aligned 

logistics flows with EU Green Deal modal shift targets. Collaboration with 

the Port of Rotterdam Authority and Rail Cargo Group introduced predictive 

route planning and real-time cargo tracking. As a result, CO₂ emissions fell 

by 22% per ton-kilometer, while on-time export deliveries improved by 18%, 

underscoring the economic feasibility of sustainable logistics integration. 

The third pillar of modernization was the creation of the Greenport 

Digital Platform–a unified, cloud-based coordination system that connected 

growers, logistics providers, and port operators in real time. Supported by 

IBM Cloud and the Netherlands Organization for Applied Scientific 

Research (TNO), the platform aggregated IoT sensor data from greenhouses, 

storage depots, and vehicles to monitor temperature, humidity, and cargo 

status. It also deployed predictive analytics for route optimization and cold-

chain management. Within three years, 85% of all cluster participants were 

digitally synchronized, enabling full visibility across the supply chain and 

data-driven decision-making for thousands of small operators. 

Finally, Greenports Holland embedded ESG and Circular Logistics 

Integration at the systemic level. Logistics operations adopted reusable 

packaging, bio-based insulation materials, and solar-powered distribution 

centers, significantly reducing resource intensity. A blockchain-based ESG 

reporting framework verified carbon offsets and sustainability metrics, 

ensuring transparency for regulators, investors, and trading partners. This 

initiative achieved a 30% reduction in packaging waste and provided cluster 

members with access to preferential “green finance” credit linesthrough 
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Dutch and EU programs, reinforcing the economic value of environmental 

stewardship. 

Between 2020 and 2023, Greenports Holland established itself as a 

global leader in sustainable and digitally integrated agri-logistics, achieving 

quantifiable progress across environmental, operational, and financial 

domains. 

Operationally, shared logistics networks reduced total vehicle 

kilometers traveled by 19%, eliminating redundant routes and improving 

average load utilization. Digital integration produced system-wide 

visibility–85% of SMEs now operate through interoperable ERP and IoT 

systems–creating a seamless information ecosystem. 

Sustainability metrics also improved markedly: CO₂ emissions per ton-

kilometer declined by 22%, while waste recovery rates exceeded 70%, 

positioning the Netherlands as one of Europe’s cleanest logistics hubs. 

Economically, SMEs within the cluster experienced a 25% improvement in 

logistics cost efficiency and a 15% increase in export volumes, achieving 

cost parity with multinational exporters. 

Financial analysis confirmed the model’s viability, with an average ROI 

of 21% on digital and physical infrastructure investments. The success of 

Greenports Holland demonstrates that collaborative logistics ecosystems, 

underpinned by digital governance and circular principles, can deliver 

scalable efficiency and climate neutrality. 

In sum, Greenports Holland exemplifies how regional cooperation, 

technological innovation, and sustainability frameworks can merge into a 

cohesive logistics model–one that advances both economic competitiveness 

and ecological responsibility within Europe’s agri-food value chain. 
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Table 3.27. Quantitative and Strategic Outcomes of Greenports 

Holland (2020–2023) 
Performance 
Dimension Indicator Measured 

Result Strategic Significance 

Operational 
Efficiency 

Reduction in 
logistics cost per ton –25% 

Demonstrated scalability of 
cooperative logistics 

model. 

Sustainability Impact CO₂ emissions per 
ton-km –22% Alignment with EU Green 

Deal and Fit for 55 targets. 

Digital Integration SMEs connected to 
shared data platform 85% 

Achieved ecosystem-wide 
interoperability and 

transparency. 

Export Reliability On-time delivery rate +30% 
Improved competitiveness 

in time-sensitive export 
markets. 

Financial ROI ROI on cluster 
investments 21% 

Validated long-term 
economic sustainability of 

the cluster. 
Source: systematized by the author 

 

Greenports Holland illustrates how collective digitalization and shared 

infrastructure can transform a fragmented logistics landscape into a cohesive, 

data-driven ecosystem. By pooling resources, standardizing digital tools, and 

embedding sustainability metrics into daily operations, the cluster achieved 

synergy between economic performance, environmental stewardship, and 

technological innovation. 

This model demonstrates that in high-value, perishable agricultural 

sectors, collaborative logistics is not only a pathway to cost reduction but 

also a mechanism for achieving resilience and competitiveness in global 

markets. The Greenports experience is now being replicated in other 

European regions–such as Emilia-Romagna (Italy) and Flanders (Belgium)–

serving as a blueprint for the next generation of green, circular, and 

intelligent agri-logistics clusters. 
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Case 6: Senwes (South Africa) – Risk-Informed Rural Logistics and 

Fleet Hybridization. Senwes Ltd is one of South Africa’s oldest and most 

diversified agribusiness corporations, headquartered in Klerksdorp, North 

West Province. Established over a century ago, the company operates across 

grain storage, agricultural inputs, logistics, and financial services, serving 

more than 65,000 farmers across the Southern African Development 

Community (SADC) region. Its logistics division, Senwes Grainlink, 

manages a vast rural transport and storage network spanning 68 grain silos, 

several regional depots, and over 1,200 heavy vehicles. 

Facing a volatile mix of climate risk, fuel price fluctuations, and rural 

infrastructure deficits, Senwes recognized the urgent need to modernize its 

logistics system to enhance efficiency, reduce costs, and improve resilience 

in the face of environmental and geopolitical shocks. The company’s 

modernization program, launched in 2020, focused on risk-informed 

decision-making, fleet hybridization, and digital transformation, integrating 

sustainability into the operational core of its agrologistics strategy. 

Interventions: Risk-Informed Modernization and Hybrid Fleet 

Integration. Senwes’ modernization program represented a holistic, risk-

centered transformation of rural logistics aimed at improving efficiency, 

resilience, and sustainability across South Africa’s agricultural transport 

network. The initiative integrated AI analytics, hybrid mobility technologies, 

IoT-based security systems, and cooperative financial instruments, reflecting 

a data-driven approach to infrastructure and operational management in 

volatile rural contexts. 
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Table 3.28. Challenges in the South African Rural Logistics Landscape 
Challenge 
Dimension Description Manifestations and 

Impact 
Strategic Response 

Required 

Rural 
Infrastructure 

Gaps 

Poor road networks 
and limited rail 
access constrain 

agricultural transport. 

Increased vehicle wear 
and maintenance costs, 

with delivery delays 
averaging 18%. 

Investment in hybrid 
vehicles, route 

optimization, and 
partnership with 
provincial road 

agencies. 

Fuel Price 
Volatility 

South Africa’s 
logistics sector is 

heavily dependent on 
imported diesel. 

A 25% rise in fuel 
prices between 2021–
2023 raised logistics 
costs by over 15%. 

Transition to biofuel and 
electric hybrid fleets to 
stabilize cost exposure. 

Climate and 
Drought Risks 

Unpredictable 
rainfall patterns 
affect transport 

scheduling and grain 
yields. 

Increased post-harvest 
spoilage and idle fleet 
periods in dry seasons. 

Implementation of AI-
driven risk forecasting 

for dynamic scheduling. 

Security and 
Theft Risks 

Rural logistics routes 
face high rates of 
cargo theft and 

vandalism. 

Losses of 3–5% of 
annual transport value 

due to criminal 
activity. 

Installation of IoT-based 
tracking, telematics, and 
remote immobilization 

systems. 

Digital 
Inequality 

Limited connectivity 
in remote areas 

hinders real-time 
monitoring. 

Inconsistent 
communication and 
delayed coordination 

between depots. 

Deployment of low-
bandwidth IoT and edge 

computing systems. 

Source: systematized by the author 

 

The first strategic pillar, AI-Based Risk and Route Optimization, 

involved the development of a proprietary logistics control platform in 

collaboration with the Council for Scientific and Industrial Research (CSIR). 

This system synthesized data from satellite imagery, meteorological models, 

fuel price indices, and live vehicle telemetry to dynamically identify the most 

efficient and secure transport routes. The AI recalibrated priorities daily 

according to probability-weighted risk variables–such as drought conditions, 

road degradation, or theft exposure–allowing Senwes to maintain flexibility 

in a high-risk environment. Within the first operational year, the system 

increased delivery punctuality by 14% and reduced route-related financial 
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losses by 9%, demonstrating how algorithmic forecasting can enhance both 

reliability and cost control. 

A second major component, Fleet Hybridization and Biofuel 

Transition, aligned operational modernization with South Africa’s Green 

Transport Strategy (GTS 2050). By 2023, 35% of Senwes’ fleet had been 

converted to B20 biodiesel and hybrid-electric vehicles, reducing 

dependency on imported diesel and stabilizing energy costs. This shift cut 

fuel consumption by 18% and lowered CO₂ emissions by 21% per ton-

kilometer, positioning Senwes as the first agribusiness in the region to 

comply with ISO 14064 carbon verification standards. Beyond 

environmental benefits, the hybrid fleet improved engine longevity and 

reduced mechanical downtime, enhancing overall asset performance. 

Addressing the persistent issue of cargo theft, Senwes implemented 

IoT-Enabled Fleet Monitoring and Security Integration across its transport 

network. Equipped with geofencing, remote immobilization, and real-time 

telemetry, vehicles were continuously tracked for speed, temperature, and 

cargo integrity. The integration of telematics with the South African Police 

Service (SAPS) database enabled immediate alerts during unauthorized 

route deviations, contributing to a 60% drop in cargo theft and a 12% 

reduction in insurance premiums. This technological security layer 

significantly increased client trust and operational transparency across the 

value chain. 

To ensure strategic infrastructure planning, Senwes deployed a Digital 

Twin of its rural logistics network, developed in partnership with Siemens 

Digital Logistics. This virtual model simulated the impacts of climate, 

economic, and infrastructural variables on transport flows, enabling 
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predictive investment decisions. Insights from these simulations guided the 

construction of three new grain hubs in Mpumalanga and Free State, 

resulting in a 22% expansion in total handling capacity and greater 

geographic diversification of export routes. 

Finally, recognizing the financial fragility of rural logistics systems, 

Senwes launched a Cooperative Risk Pooling Fundfor farmers and 

contractors. This fund combined insurance, fuel-hedging, and emergency 

credit mechanisms, creating a buffer against macroeconomic and 

environmental shocks. The scheme stabilized operating margins by 15–18%, 

securing the continuity of 3,200 logistics contracts and demonstrating the 

potential of blended financial instruments to enhance rural supply chain 

resilience. 

Senwes’ integrated modernization strategy produced measurable 

improvements across operational, environmental, and economic dimensions. 

Transport lead times decreased by 15%, and on-time delivery performance 

rose from 84% to 95%, highlighting significant gains in logistical precision. 

Predictive scheduling and real-time monitoring reduced climate-related 

disruptions by 20%, while security innovations nearly eliminated major theft 

losses. 

From an environmental perspective, the hybrid fleet initiative advanced 

South Africa’s Low Emission Development Strategy (LEDS) targets, 

achieving a 21% reduction in CO₂ intensity per ton-km. The company’s 

sustainability credentials strengthened its access to green financing and long-

term contracts with eco-conscious clients. Economically, the return on 

investment (ROI) for digital and fleet upgrades reached 23% within two 

years, validating the profitability of risk-informed modernization. 
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Moreover, Senwes’ model fostered social inclusivity by protecting 

smallholder-linked logistics chains through cooperative insurance 

mechanisms, ensuring that rural supply continuity and equity were preserved 

even during crises. 

In sum, Senwes exemplifies how AI analytics, hybrid technology, and 

cooperative finance can converge to build a resilient logistics ecosystem 

capable of thriving under uncertainty. Its modernization model offers a 

replicable framework for emerging economies seeking to integrate risk 

management, digital innovation, and sustainability into the heart of 

agricultural supply chains. 

Table 3.29. Quantitative and Strategic Outcomes of Senwes 

Modernization Program (2021–2023) 
Transformation Area Intervention Measured Outcome Strategic Impact 

Route Optimization AI-based predictive 
scheduling 

+14% on-time 
delivery; –9% route 

losses 

Enhanced resilience 
to disruptions 

Fleet Sustainability 35% hybrid and 
biofuel trucks 

–21% CO₂ 
emissions; –18% fuel 

use 

Compliance with 
GTS 2050 and ISO 

14064 

Cargo Security IoT-based tracking 
and geofencing 

–60% theft incidents; 
–12% insurance costs 

Risk reduction and 
reputation gain 

Infrastructure 
Planning 

Digital twin 
simulation 

+22% storage 
capacity expansion 

Long-term strategic 
investment alignment 

Financial Resilience Cooperative risk 
pooling model –18% cost volatility Stable returns and 

social inclusion 
Source: systematized by the author 

 

Senwes’ transformation demonstrates that risk-informed logistics 

modernization can deliver both profitability and resilience in challenging 

rural contexts. By combining AI, IoT, hybrid mobility, and financial risk 

pooling, the company has redefined sustainability for emerging-market 

logistics. 
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This case underscores the potential of data-driven governance and 

hybrid technology adoption to overcome structural barriers such as poor 

infrastructure, volatile fuel markets, and climate uncertainty. The Senwes 

model has since attracted replication interest from regional agribusiness 

networks in Namibia, Zambia, and Botswana, establishing it as a blueprint 

for adaptive, risk-resilient, and inclusive agrologistics in Sub-Saharan 

Africa. 

The company’s initiatives demonstrate that long-term competitiveness 

in agri-logistics depends not only on efficiency gains but also on climate-

smart infrastructure and digital transparency. 

Senwes’ modernization strategy focused on resilience-building in the 

face of rural infrastructure deficits, security risks, and environmental 

volatility. The following table outlines the core technological and 

organizational interventions implemented by Senwes and their measurable 

outcomes. 

Senwes’ modernization results validate the importance of integrated risk 

management in logistics transformation. By combining digital foresight, 

sustainable energy practices, and cooperative finance, the company built an 

adaptable logistics ecosystem suited for high-risk environments. Its hybrid 

fleet and predictive systems not only improved profitability but also 

redefined rural logistics as a driver of inclusive growth in emerging markets. 
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Table 3.30. Quantitative and Strategic Outcomes of Senwes’ 

Modernization Program (2021–2023) 

Transformation 
Area Intervention Measured Outcome Strategic Impact 

Route 
Optimization 

AI-based predictive route 
scheduling integrating 
weather, fuel, and risk 

data 

+14% on-time 
deliveries; −9% route-

related losses 

Enhanced 
adaptability to 

external disruptions 

Fleet 
Sustainability 

Conversion to 35% 
hybrid and biofuel-

powered trucks 

−21% CO₂ emissions 
per ton-km; −18% fuel 

use 

Compliance with 
Green Transport 

Strategy (GTS 2050) 
and ISO 14064 

standards 

Cargo Security 

IoT tracking with remote 
immobilization and 

SAPS-integrated 
geofencing 

−60% theft incidents; 
−12% insurance 

premiums 

Strengthened supply 
chain security and 

risk reputation 

Infrastructure 
Planning 

Implementation of a 
digital twin for rural 
logistics simulation 

+22% expansion in 
grain handling capacity 

Data-driven 
investment 

allocation and 
operational 
scalability 

Financial 
Resilience 

Cooperative insurance 
and hedging fund for 
logistics stakeholders 

−18% operational cost 
volatility 

Increased financial 
inclusivity and 

social sustainability 
Source: systematized by the author 

 

The six analyzed case studies–Kernel (Ukraine), Viterra (Canada), 

Bunge (Brazil), InVivo (France), Greenports Holland (Netherlands), and 

Senwes (South Africa)–collectively illustrate a global paradigm shift toward 

data-driven, sustainable, and risk-resilient agricultural logistics. Despite 

operating under different geographic and institutional conditions, these 

companies share a unified trajectory: digital transformation serves as both a 

catalyst for efficiency and a foundation for long-term competitiveness. 

Across all cases, AI-driven analytics, IoT-enabled monitoring, 

multimodal transport systems, and ESG-aligned innovations emerged as the 

central levers of modernization. Enterprises that combined digital 
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intelligence with infrastructural flexibility achieved measurable 

improvements in throughput (15–25%), cost reduction (10–20%), and 

emission mitigation (12–22%). Moreover, initiatives such as blockchain-

based traceability, digital twins, and hybrid fleet deployment illustrate how 

logistics modernization is increasingly intertwined with climate governance 

and circular economy principles. 

Crucially, these cases demonstrate that digital and sustainability 

agendas are not competing priorities–they reinforce one another. Whether 

through shared logistics hubs in the Netherlands, risk pooling models in 

South Africa, or predictive export coordination in Ukraine, the convergence 

of technology and environmental stewardship defines the future of 

agricultural logistics. 

In conclusion, modernization in global agri-logistics is evolving from 

isolated innovation to systemic transformation. The success of these leading 

enterprises underscores that the next frontier in agricultural competitiveness 

lies in integrated, transparent, and climate-smart logistics ecosystems that 

balance profitability, resilience, and sustainability at every stage of the 

supply chain. 
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Conclusions 

 

The comprehensive research presented in this monograph has made it 

possible to substantiate the theoretical, infrastructural, and applied 

foundations of logistics management in agricultural enterprises specializing 

in grain production. The conducted analysis has revealed the essential role 

of logistics in the modern agro-industrial complex, demonstrating its 

evolution from an auxiliary cost-optimization function to a multidimensional 

management system that integrates economic, technological, and ecological 

priorities. The monograph provides a logically structured synthesis of theory, 

diagnostics, and practice, forming a coherent scientific and methodological 

framework for developing efficient, adaptive, and sustainable logistics 

systems in agriculture. 

The first part of the study formed the conceptual and analytical 

foundation of the research. It traced the historical development of logistics 

theory from the classical paradigms of physical distribution and cost 

reduction to the contemporary interpretation of logistics as a strategic tool 

for integrated resource management. This theoretical generalization allowed 

for identifying key methodological approaches to agricultural logistics, 

including process, systemic, institutional, and chain perspectives. The study 

emphasized that agricultural logistics operates under unique conditions 

shaped by seasonality, climatic risks, biological time cycles, and spatial 

dispersion of production. These factors require a flexible and adaptive 

logistics organization based on the principles of efficiency, integration, and 

sustainability. 
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In this context, a methodological framework for assessing logistics 

performance was developed, which includes performance indicators, 

diagnostic models, and criteria for evaluating the level of logistics maturity. 

The section also proposed a conceptual model of an integrated logistics 

system that combines physical infrastructure (warehouses, transport, and 

transshipment facilities) with digital infrastructure (information and 

analytical platforms, monitoring systems, and databases). This combination 

ensures a continuous flow of information and materials and serves as the 

theoretical basis for the applied research parts of the monograph. 

The second part of the monograph examined the logistics infrastructure 

of grain enterprises as a complex system composed of technical, 

technological, and digital subsystems. The analysis identified the most 

significant components of logistics infrastructure—transport networks, 

warehouse and elevator capacities, transshipment terminals, and information 

systems—and revealed the interdependence between their technical 

parameters and overall logistics performance. The classification of logistics 

infrastructure proposed in this study includes transport, warehouse, 

information, and institutional elements, each of which fulfills a specific 

functional role in the logistics chain. 

Through statistical analysis and international comparisons, critical 

bottlenecks in Ukraine’s logistics system were identified: insufficient 

warehouse capacity, obsolete rolling stock, and a lack of multimodal 

coordination. The research compared these limitations with best practices 

from developed agro-logistics systems in the European Union, the United 

States, and Canada, which provided a methodological basis for formulating 

recommendations on infrastructure modernization. 
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A special focus was placed on the role of information and 

communication technologies (ICTs) in transforming logistics processes. The 

study examined the implementation of ERP (Enterprise Resource Planning), 

WMS (Warehouse Management Systems), TMS (Transportation 

Management Systems), IoT (Internet of Things), and blockchain 

technologies in agricultural logistics. These tools were shown to have a direct 

impact on cost reduction, operational efficiency, and supply chain 

transparency. Empirical evidence presented in the form of statistical tables, 

comparative analyses, and performance indicators confirms that the 

development of digital infrastructure has become as crucial as investments 

in physical infrastructure. The monograph also outlined strategic directions 

for modernization, including the creation of multimodal transport corridors, 

the integration of renewable energy sources into logistics operations, and the 

use of risk-informed planning methods to strengthen system resilience. Such 

an approach demonstrates the synergistic effect of logistics investments, 

which simultaneously improve export potential, stimulate regional 

development, and promote environmental sustainability. 

The third part of the monograph moved from diagnostic analysis to the 

practical implementation of transformation strategies. It presented modern 

approaches to the modernization of logistics systems under the influence of 

digital transformation, environmental sustainability, and risk management. 

The research substantiated the necessity of optimizing logistics processes at 

both operational (procurement, storage, transportation, and transshipment) 

and strategic (risk-cost integration, institutional modernization, and digital 

performance modeling) levels. 
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Quantitative models and performance indicators were used to evaluate 

the efficiency of logistics systems in economic, operational, and 

environmental dimensions. These models revealed how digital technologies 

can achieve a simultaneous reduction of costs, improvement of reliability, 

and minimization of the ecological footprint. The proposed analytical 

tools—key performance indicators (KPIs), return on digital investment 

(ROI), and digital maturity benchmarks—create a data-driven foundation for 

decision-making in both enterprises and public policy. 

The empirical component of this section included case studies of 

leading global agricultural companies: Kernel (Ukraine), Viterra (Canada), 

Bunge (Brazil), InVivo (France), Greenports Holland (Netherlands), and 

Senwes (South Africa). Each case illustrated a distinctive trajectory of 

logistics modernization, shaped by specific market conditions and 

institutional environments. Kernel’s case demonstrated the adaptability of 

Ukrainian logistics under geopolitical constraints through the use of AI-

driven coordination and multimodal diversification. Viterra exemplified the 

synchronization of sustainability principles with technological integration in 

complex climatic conditions. Bunge’s model showcased the use of predictive 

analytics and cloud-based routing in managing large-scale agricultural flows 

across the Amazon region. InVivo’s experience emphasized IoT and 

blockchain applications for ensuring product traceability in compliance with 

European ESG standards. Greenports Holland represented an example of 

clustered logistics networks supporting small and medium-sized agricultural 

producers, while Senwes highlighted hybrid logistics models adapted for 

rural African contexts. These examples empirically validated the theoretical 

and methodological propositions of the first two sections, confirming that 
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digitalization, risk-oriented thinking, and sustainability are now central 

pillars of logistics competitiveness. 

Summarizing the results, the monograph constructs a holistic concept 

of logistics management for grain-oriented agricultural enterprises that 

unites theoretical, infrastructural, and practical aspects. The logical sequence 

from conceptual foundations to empirical evidence allows tracing the full 

trajectory of logistics evolution—from abstract models to measurable 

economic and environmental outcomes. The interdisciplinary nature of the 

study, which integrates economics, management, engineering, and digital 

technologies, enhances both its scientific and applied relevance. 

The conclusions of the monograph provide an academic contribution to 

the development of logistics theory and offer a practical roadmap for 

decision-makers in business and government. The presented framework 

demonstrates how Ukraine and other grain-producing countries can create 

modern logistics ecosystems that are efficient, resilient, and environmentally 

responsible. By implementing digital technologies, optimizing 

infrastructure, and adopting risk-sensitive strategies, these systems can 

ensure long-term competitiveness in global markets and support sustainable 

growth of the agro-industrial sector. 
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