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Topic 1 - Supply Chain vs. Logistics Chain 

1.1. Basic concepts of supply chain and logistics chain  

A supply chain is a network of organisations, people, activities, information, and resources 

involved in delivering a product or service from suppliers to final customers. It includes all 

stages – from raw material extraction, through production and distribution, to final 

consumption. 

A logistics chain, in contrast, is a narrower concept. It focuses mainly on the physical flow of 

goods, including transportation, storage, and handling operations. Logistics is therefore a 

part of the broader supply chain. 

In modern economies, supply chains are increasingly complex and global. This complexity 

requires coordination between multiple actors, including suppliers, manufacturers, 

distributors, and service providers. 

Understanding the difference between these two concepts is essential for analysing 

sustainability, because environmental and social impacts occur across the entire supply 

chain, not only in logistics operations. 

 

1.2. Key differences between supply chain and logistics chain 

The main difference lies in the scope and perspective. 

 The supply chain includes:  
o material flows  
o information flows  
o financial flows  
o relationships between organisations  

 The logistics chain focuses mainly on:  
o transportation  
o warehousing  
o inventory management  

Another important difference is the strategic vs. operational level: 

 Supply chain management is more strategic, involving planning, coordination, and 
long-term decisions.  

 Logistics management is more operational, focusing on efficiency and execution.  
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From a sustainability perspective, supply chain thinking allows companies to identify 
environmental impacts across all stages, such as emissions from suppliers or waste 
generated during production. 

1.3. Introduction to green logistics and sustainable supply chains 

Green logistics refers to the process of minimising the environmental impact of logistics 
activities. It includes actions such as: 

 reducing transport emissions  
 optimising routes  
 using eco-friendly packaging  
 improving energy efficiency in warehouses  

Sustainable supply chains go beyond logistics. They integrate environmental, social, and 
economic aspects into all supply chain activities. 

This means that companies must consider: 

 carbon emissions  
 resource consumption  
 working conditions  
 ethical sourcing  

Sustainability requires a holistic approach, where decisions are made not only based on cost 

and efficiency but also on long-term environmental and social impacts.  

1.4. Circular economy in supply chains 

The concept of the circular economy is closely linked to sustainable supply chains. It focuses 
on reducing waste and keeping resources in use for as long as possible. 

In traditional (linear) supply chains, products follow a “take–make–dispose” model. In 
contrast, circular supply chains aim to: 

 reuse materials  
 recycle products  
 extend product life cycles  
 recover value from waste  

This approach requires redesigning supply chain processes and introducing reverse logistics 
systems. 

Circular economy practices help reduce environmental pressure and support the transition 
to a low-emission economy, which is one of the key goals of modern supply chain 
management. 
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Review questions 

 What is the difference between a supply chain and a logistics chain?  

 Why is the supply chain concept broader than logistics?  

 What are the main elements of green logistics?  

 How does a sustainable supply chain differ from a traditional one?  

 What is the role of the circular economy in supply chains? 

 

 

Topic 2 - The Essence of Sustainable (Green) Supply Chains 

2.1. Fundamentals of sustainable (green) supply chains – Part I 

Sustainable supply chain management (SSCM) is an approach that integrates environmental, 
social, and economic considerations into the management of supply chain processes. Unlike 
traditional supply chain management, which focuses mainly on cost efficiency and service 
level, SSCM expands decision-making criteria to include long-term impacts on the 
environment and society. 

The concept is strongly rooted in the idea of sustainable development, which aims to meet 
present needs without compromising the ability of future generations to meet their own 
needs. In supply chains, this means balancing three key dimensions: 

 environmental protection  
 social responsibility  
 economic performance  

These three dimensions are often referred to as the Triple Bottom Line (TBL). Companies 
implementing sustainable supply chains must therefore consider not only profitability but 
also their environmental footprint and social impact. 

From a practical perspective, sustainable supply chain management includes activities such 
as: 

 reducing greenhouse gas emissions  
 improving energy efficiency  
 ensuring ethical sourcing of raw materials  
 promoting fair labour practices  
 minimising waste and resource consumption  

Importantly, sustainability must be integrated across all stages of the supply chain—from 
suppliers, through production and distribution, to end-of-life product management. 
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In modern global markets, supply chains are becoming increasingly complex and 
interconnected. This complexity makes it more difficult to control environmental and social 
impacts, but at the same time creates opportunities for innovation and improvement. 

One of the key challenges in implementing sustainable supply chains is the need for 
coordination among multiple stakeholders, including: 

 suppliers  
 manufacturers  
 logistics operators  
 distributors  
 customers  

Each of these actors plays a role in shaping sustainability outcomes. For example, suppliers 
influence the environmental impact through raw material sourcing, while logistics providers 
affect emissions through transport and warehousing operations. 

Another important aspect is transparency and traceability. Companies are increasingly 
required to monitor and report the origin of materials, production conditions, and 
environmental performance. This is driven by regulatory requirements, customer 
expectations, and global sustainability standards. 

Digital technologies play a crucial role here. Tools such as: 

 blockchain  
 Internet of Things (IoT)  
 data analytics  

enable better tracking of products and processes, supporting more informed and 
responsible decision-making. 

As a result, sustainable supply chains are not only about reducing negative impacts but also 
about creating value through innovation, efficiency, and improved reputation. 

 

2.2. Models and concepts of sustainable supply chains 

Several models and conceptual approaches have been developed to support the 
implementation of sustainable supply chains. 

One of the most important is the closed-loop supply chain model, which integrates forward 
and reverse logistics. In this model, products are not only delivered to customers but also 
returned after use for recycling, remanufacturing, or disposal. This supports the circular 
economy and reduces waste. 
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Another important concept is the green supply chain model, which focuses on minimising 
environmental impact at each stage of the supply chain. This includes eco-design, green 
procurement, cleaner production, and sustainable distribution. 

The resilient supply chain model is also increasingly relevant. It emphasises the ability of 
supply chains to adapt to disruptions, such as climate change, pandemics, or geopolitical 
crises. Sustainability and resilience are closely linked, as environmentally and socially 
responsible systems are often more stable in the long term. 

Additionally, the concept of digital supply chains supports sustainability by improving 
efficiency and reducing resource use. Digitalisation enables better forecasting, route 
optimisation, and inventory management, which can significantly reduce emissions and 
waste. 

These models are not mutually exclusive. In practice, companies often combine elements 
from different approaches to build more sustainable and efficient supply chains. 

2.3. The role of ESG and social responsibility 

The concept of ESG (Environmental, Social, Governance) has become a central framework 
for evaluating sustainability in supply chains. 

 Environmental (E) refers to issues such as climate change, emissions, resource use, 
and waste management.  

 Social (S) includes labour conditions, human rights, health and safety, and 
community impact.  

 Governance (G) relates to corporate ethics, transparency, compliance, and decision-
making structures.  

In supply chains, ESG principles require companies to go beyond their internal operations 
and consider the behaviour of their partners. This means ensuring that suppliers comply 
with environmental and social standards. 

Corporate social responsibility (CSR) is closely related to ESG. It reflects a company’s 
voluntary commitment to ethical behaviour and sustainable practices. In the context of 
supply chains, CSR may include: 

 fair trade practices  
 responsible sourcing  
 support for local communities  
 reduction of environmental impact  

Companies that integrate ESG and CSR into their supply chains can improve their reputation, 
reduce risks, and build stronger relationships with stakeholders. 
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In recent years, ESG has become increasingly important due to regulatory pressure and 
market expectations. Governments and international organisations are introducing new 
requirements related to sustainability reporting and due diligence in supply chains. 

For example, companies operating in the European market must align their activities with 
policies related to climate neutrality and responsible business conduct. This includes 
monitoring emissions, reducing environmental impact, and ensuring transparency in supply 
chain operations. 

At the same time, investors and customers are paying more attention to ESG performance. 
Companies with strong sustainability practices are often seen as more reliable and future-
oriented. 

However, implementing ESG in supply chains is not without challenges. These include: 

 limited control over suppliers  
 lack of standardised data  
 high implementation costs  
 complexity of global networks  

Despite these challenges, ESG integration is becoming a necessity rather than an option. It 
plays a key role in transforming traditional supply chains into sustainable and resilient 
systems. 

Review questions 

 What is sustainable supply chain management and how does it differ from traditional 
approaches?  

 What are the three dimensions of the Triple Bottom Line?  
 Why is stakeholder coordination important in sustainable supply chains?  
 What is a closed-loop supply chain and how does it support sustainability?  
 What does ESG stand for and how is it applied in supply chains?  
 What are the main challenges in implementing ESG principles in global supply chains? 

 

 

Topic 3 - The Structure of Sustainable Supply Chain 

3.1. Key elements of supply chain structure 

The structure of a supply chain refers to the arrangement and interaction of all entities, 
processes, and flows that are involved in delivering a product or service to the final 
customer. In a traditional sense, the supply chain is often presented as a linear sequence of 
stages, starting from raw material suppliers, through manufacturers and distributors, and 
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ending with customers. However, in reality, supply chains are complex, multi-layered 
networks rather than simple linear systems. 

A sustainable supply chain structure must take into account not only the physical flow of 
goods but also the flow of information, financial resources, and environmental and social 
impacts. This means that each element of the structure should be analysed not only in terms 
of efficiency but also in terms of its contribution to sustainability goals. 

The main elements of a supply chain structure include: 

 suppliers, responsible for sourcing raw materials and components  
 manufacturers, transforming inputs into finished products  
 distribution centres and warehouses, managing storage and inventory  
 transport operators, ensuring the physical movement of goods  
 retailers and final customers, completing the chain  

In a sustainable context, each of these elements must operate in a way that minimises 
negative environmental impacts and supports ethical and responsible practices. For 
example, suppliers should follow sustainable sourcing principles, while manufacturers should 
reduce emissions and waste during production processes. 

Importantly, the structure of a supply chain is not static. It evolves over time in response to 
technological changes, market dynamics, regulatory requirements, and sustainability 
pressures. As a result, companies must continuously analyse and redesign their supply chain 
structures to remain competitive and responsible. 

3.2. Multi-tier supply chains and global complexity 

Modern supply chains are no longer simple, linear systems in which a product moves step by 
step from a single supplier to a final customer. Instead, they operate as highly complex, 
multi-layered networks composed of numerous interconnected entities. This structure is 
commonly described as a multi-tier supply chain, where each organisation is linked not only 
to its direct partners but also indirectly to a broader network of upstream and downstream 
actors. 

In such systems, companies typically cooperate with tier 1 suppliers, who provide 
components or services directly. However, these suppliers depend on their own suppliers 
(tier 2), who in turn may rely on tier 3 suppliers, and so on. As a result, a single final product 
may involve dozens or even hundreds of entities distributed across different regions of the 
world. This layered structure significantly increases both the scale and the complexity of 
supply chain management. 

The globalisation of production and trade has further intensified this phenomenon. 
Companies increasingly source raw materials and components from geographically distant 
locations to reduce costs, access specialised resources, or benefit from comparative 
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advantages. While this strategy improves efficiency and competitiveness, it also introduces a 
wide range of risks and challenges. 

One of the most critical issues is limited visibility across the supply chain. While companies 
usually have direct control over their tier 1 suppliers, they often lack detailed knowledge 
about operations at lower tiers. This creates a situation in which significant environmental 
and social impacts may occur outside the immediate scope of monitoring. For example, 
excessive carbon emissions, unsustainable resource extraction, or unethical labour practices 
are often associated with lower-tier suppliers operating in regions with less stringent 
regulations. 

This lack of transparency makes it difficult to implement effective sustainability strategies. 
Without reliable information about the entire supply chain, companies cannot accurately 
assess their environmental footprint or ensure compliance with ESG standards. 
Consequently, improving traceability and transparency has become a key priority in 
sustainable supply chain management. This includes the use of certification systems, 
supplier audits, and increasingly, digital tools such as blockchain and data platforms that 
allow tracking of materials and products across multiple tiers. 

Another important dimension of multi-tier supply chains is their vulnerability to disruptions. 
The greater the number of actors and geographical dispersion, the higher the risk that 
disturbances in one part of the system will affect the entire chain. Disruptions may result 
from: 

 natural disasters (e.g. floods, earthquakes)  
 geopolitical tensions and trade restrictions  
 pandemics and global health crises  
 transport bottlenecks and infrastructure failures  

These events demonstrate that efficiency alone is not sufficient; supply chains must also be 
resilient and adaptable. From a sustainability perspective, resilience is closely linked to 
responsible management, diversification of suppliers, and the ability to respond quickly to 
changing conditions. 

At the same time, multi-tier supply chains create opportunities for collaboration and shared 
responsibility. Sustainability challenges, such as climate change or resource depletion, 
cannot be addressed by a single company acting alone. Instead, they require coordinated 
actions across the entire network. This includes joint initiatives to reduce emissions, improve 
working conditions, and implement circular economy practices. 

An additional challenge lies in the standardisation of data and measurement systems. 
Different suppliers may use different methods for reporting environmental indicators, which 
makes it difficult to compare and aggregate data. This creates barriers to effective decision-
making and sustainability reporting. Therefore, the development of common standards and 
frameworks is essential for improving consistency and reliability. 
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Furthermore, global supply chains must increasingly comply with international regulations 
and sustainability requirements, particularly in markets such as the European Union. These 
regulations often require companies to conduct due diligence across their entire supply 
chain, identify risks, and take corrective actions. This extends responsibility far beyond direct 
operations and requires a systemic approach to management. 

In conclusion, multi-tier supply chains represent both a major challenge and a key area of 
transformation in sustainable supply chain management. Their complexity requires new 
approaches based on transparency, integration, digitalisation, and collaboration. Companies 
that are able to effectively manage this complexity can not only reduce risks but also create 
long-term value by building more sustainable, resilient, and responsible supply chain 
systems. 

3.3. Integration of processes in sustainable supply chains 

Process integration is one of the most critical determinants of efficiency, resilience, and 
sustainability in modern supply chains. It refers to the coordination, alignment, and 
synchronisation of activities across different organisational units and supply chain partners 
in order to achieve common objectives. In the context of sustainable supply chains, 
integration goes beyond operational efficiency and becomes a fundamental mechanism for 
reducing environmental impact, improving resource utilisation, and ensuring responsible 
management practices. 

In traditional supply chain models, organisations often operate in silos, where individual 
departments or partners optimise their own performance without considering the impact on 
the entire system. For example, a company may aim to minimise production costs by 
increasing batch sizes, while ignoring the resulting increase in inventory levels, storage 
requirements, and waste generation. Similarly, transport providers may optimise routes 
based solely on cost, without considering emissions or environmental externalities. Such 
fragmented decision-making leads to inefficiencies and undermines sustainability goals. 

In contrast, sustainable supply chains require a system-oriented approach, where all 
processes are interconnected and decisions are evaluated based on their overall impact. This 
means that companies must shift from local optimisation to global optimisation, taking into 
account the performance of the entire supply chain network. Integration therefore becomes 
a strategic necessity rather than a purely operational tool. 

Process integration can be analysed at several interconnected levels. The first is internal 
integration, which focuses on aligning activities within a single organisation. This includes 
coordination between procurement, production, logistics, and distribution functions. 
Effective internal integration enables better planning, reduces redundancies, and supports 
more efficient use of resources. For example, integrating production planning with demand 
forecasting can help avoid overproduction, thereby reducing waste and unnecessary energy 
consumption. 
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The second level is external integration, which involves collaboration and coordination 
between supply chain partners. This includes suppliers, logistics service providers, 
distributors, and customers. External integration is essential for achieving sustainability 
objectives, as many environmental and social impacts occur outside the focal company. By 
sharing information, aligning strategies, and coordinating operations, supply chain partners 
can jointly reduce emissions, optimise resource use, and improve working conditions. 

A key component of both internal and external integration is information integration. The 
ability to collect, process, and share data in real time enables better decision-making and 
enhances transparency across the supply chain. Advanced information systems allow 
companies to monitor inventory levels, track shipments, analyse demand patterns, and 
measure environmental indicators such as carbon emissions. This information is crucial for 
identifying inefficiencies and implementing corrective actions. 

From a sustainability perspective, process integration also plays a central role in the 
implementation of circular economy principles. Activities such as product returns, recycling, 
remanufacturing, and waste recovery require close coordination between different actors. 
Without integration, reverse logistics processes may be inefficient or economically unviable. 
For example, collecting used products for recycling requires coordination between 
customers, logistics providers, and processing facilities. 

Moreover, integration supports the development of low-emission logistics solutions. 
Coordinated transport planning can reduce empty runs, improve vehicle utilisation, and 
minimise fuel consumption. Similarly, integrated warehouse management systems can 
optimise storage space and reduce energy use. These improvements contribute directly to 
reducing the environmental footprint of supply chain operations. 

However, achieving a high level of integration is not without challenges. Organisations often 
face barriers such as lack of trust between partners, differences in organisational culture, 
limited data sharing, and incompatible information systems. Additionally, integration 
requires investments in technology, training, and organisational change, which may be 
difficult for smaller companies. 

Despite these challenges, the benefits of integration are substantial. Integrated supply 
chains are typically more efficient, more resilient to disruptions, and better equipped to 
meet sustainability requirements. They are also more adaptable to changing market 
conditions and regulatory pressures, particularly in the context of global climate policies and 
ESG expectations. 

In conclusion, process integration is a cornerstone of sustainable supply chain management. 
It enables companies to move beyond isolated improvements and implement systemic 
solutions that address environmental, social, and economic challenges simultaneously. As 
supply chains continue to evolve, the ability to effectively integrate processes across 
organisational and geographical boundaries will become an increasingly important source of 
competitive advantage. 
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3.4. The role of digitalisation and innovation in supply chain structure 

Digitalisation and technological innovation are transforming the structure and functioning of 
modern supply chains. Advanced technologies enable companies to monitor, analyse, and 
optimise supply chain processes in ways that were not possible before. 

One of the key roles of digitalisation is to improve visibility and transparency. Technologies 
such as: 

 Internet of Things (IoT)  
 blockchain  
 big data analytics  
 artificial intelligence (AI)  

allow companies to collect and process large amounts of data related to supply chain 
operations. This data can include information on product location, transport conditions, 
energy consumption, and emissions. 

As a result, companies can make more informed decisions and identify areas for 
improvement. For example, real-time tracking systems can help optimise transport routes, 
reduce delays, and minimise fuel consumption. 

Innovation also supports the development of new business models, such as: 

 sharing economy solutions  
 platform-based logistics systems  
 on-demand production  

These models can significantly reduce resource use and increase flexibility. 

Furthermore, digitalisation plays a crucial role in supporting sustainability reporting and ESG 
compliance. Companies are increasingly required to provide accurate and reliable data on 
their environmental and social performance, which can only be achieved through advanced 
information systems. 

However, it is important to note that digitalisation itself requires resources and energy. 
Therefore, its implementation should also be considered from a sustainability perspective, 
ensuring that technological solutions contribute to overall environmental and social goals. 

Review questions 

 What are the main elements of a supply chain structure?  
 Why are modern supply chains considered complex networks rather than linear 

systems?  
 What challenges do multi-tier supply chains create for sustainability?  
 What is process integration and why is it important in sustainable supply chains?  
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 How does digitalisation support sustainable supply chain management?  
 What risks are associated with global supply chain complexity? 

 

 

Topic 4 - The Importance of Information in Supply Chain 

Management 

4.1. The role of information in supply chain processes 

Information constitutes one of the most critical resources in contemporary supply chain 
management, as it enables the coordination, synchronisation, and optimisation of complex 
activities across multiple entities operating in different geographical and organisational 
contexts. While traditional supply chains were primarily focused on the efficient movement 
of goods, modern supply chains increasingly recognise that the effectiveness of physical 
flows is fundamentally dependent on the quality and availability of information. 

A supply chain can be conceptualised as a system of interconnected flows, including material 
flows, financial flows, and information flows. Among these, information plays a central and 
integrative role, as it provides the basis for planning, decision-making, and control. Without 
access to accurate and timely information, organisations are unable to forecast demand, 
manage inventory levels, coordinate transport operations, or respond effectively to 
disruptions. As a result, information is not merely a supporting element but a core driver of 
supply chain performance. 

In the context of sustainable supply chains, the role of information becomes even more 
significant. Decision-making processes must incorporate not only economic criteria but also 
environmental and social considerations. This requires the collection and analysis of a wide 
range of data that goes beyond traditional operational metrics. Companies must increasingly 
rely on information related to carbon emissions, energy consumption, resource utilisation, 
waste generation, and social conditions within their supply networks. The integration of such 
data into decision-making processes allows organisations to identify areas of environmental 
impact and implement targeted sustainability improvements. 

Moreover, information enables the synchronisation of supply chain activities, which is 
essential for reducing inefficiencies and minimising environmental impact. For example, real-
time demand information allows companies to align production with actual market needs, 
thereby avoiding overproduction and excess inventory. Similarly, access to accurate 
transport data enables better route planning and load optimisation, which contributes to 
lower fuel consumption and reduced emissions. In this sense, information directly supports 
the achievement of both economic and environmental objectives. 

Another important aspect is the role of information in enhancing transparency and 
traceability across the supply chain. In global, multi-tier systems, companies often face 
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challenges related to limited visibility beyond their immediate partners. Reliable information 
systems and data-sharing mechanisms make it possible to track products, materials, and 
processes across different stages of the supply chain. This is particularly important in the 
context of sustainability, as it allows organisations to verify compliance with environmental 
standards and ethical practices. 

In addition, information plays a key role in risk management and resilience. Supply chains 
are increasingly exposed to various types of disruptions, including natural disasters, 
geopolitical tensions, and market fluctuations. Access to real-time information and 
predictive data enables companies to identify potential risks, assess their impact, and 
implement proactive measures. For example, early warning systems and data analytics can 
help detect supply shortages or transport delays, allowing organisations to adjust their 
operations accordingly. 

It is also important to emphasise that the value of information depends not only on its 
availability but also on its quality, accuracy, and timeliness. Inaccurate or outdated data can 
lead to poor decisions, inefficiencies, and increased costs. Therefore, companies must invest 
in data management systems, standardisation of information, and verification processes to 
ensure reliability. 

Furthermore, the growing importance of sustainability and ESG requirements has increased 
the need for structured and standardised information flows. Companies are expected to 
report their environmental and social performance in a transparent and comparable 
manner. This requires the development of consistent data collection methods and reporting 
frameworks, as well as the integration of sustainability indicators into everyday operational 
processes. 

In conclusion, information is a fundamental element that underpins the functioning of 
modern and sustainable supply chains. It enables coordination, improves efficiency, supports 
decision-making, and facilitates the integration of environmental and social considerations. 
As supply chains continue to evolve in response to global challenges and technological 
advancements, the strategic management of information will become increasingly important 
for achieving long-term competitiveness and sustainability. 

 

4.2. Information systems in supply chain management 

Information systems constitute the technological foundation of modern supply chain 
management, enabling the efficient collection, processing, storage, and exchange of data 
across complex organisational and geographical structures. As supply chains become 
increasingly global, dynamic, and data-intensive, the role of information systems evolves 
from a supporting function to a strategic enabler of performance, integration, and 
sustainability. 
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At a fundamental level, information systems allow organisations to manage and coordinate 
the diverse set of activities that take place within supply chains. These activities include 
procurement, production, inventory management, transportation, distribution, and 
customer service. Each of these processes generates large volumes of data that must be 
accurately captured and analysed in order to support effective decision-making. Without 
advanced information systems, the complexity of these processes would make coordinated 
management virtually impossible. 

One of the key characteristics of contemporary supply chain information systems is their 
ability to integrate data across different functional areas within an organisation. Enterprise 
Resource Planning (ERP) systems are a primary example of such integration. They provide a 
unified platform that connects various business functions, including finance, procurement, 
production, and logistics. This integration ensures that information flows seamlessly 
between departments, reducing data inconsistencies and enabling a holistic view of 
organisational performance. 

Beyond internal integration, modern supply chains require inter-organisational information 
sharing, which is facilitated by specialised systems such as Supply Chain Management (SCM) 
platforms. These systems enable companies to exchange information with suppliers, logistics 
providers, and customers in real time. For example, shared data on inventory levels or 
production schedules allows partners to better coordinate their activities, reducing delays, 
excess stock, and inefficiencies. This level of coordination is particularly important in 
sustainable supply chains, where joint efforts are needed to minimise environmental impact. 

Another important category of information systems includes Warehouse Management 
Systems (WMS) and Transport Management Systems (TMS). WMS solutions support the 
efficient handling of inventory within storage facilities by optimising storage locations, 
picking processes, and order fulfilment. This not only improves operational efficiency but 
also reduces energy consumption and waste. TMS systems, on the other hand, focus on 
planning, executing, and optimising transportation activities. By enabling route optimisation, 
load consolidation, and real-time tracking, TMS solutions contribute to reducing fuel 
consumption and greenhouse gas emissions. 

In the context of sustainable supply chain management, information systems play a crucial 
role in monitoring environmental performance and supporting ESG compliance. Many 
modern systems are equipped with functionalities that allow companies to track key 
sustainability indicators, such as carbon emissions, energy use, and resource consumption. 
These capabilities are essential for meeting regulatory requirements and for providing 
transparent sustainability reporting to stakeholders. 

Furthermore, the development of advanced digital technologies has significantly expanded 
the capabilities of supply chain information systems. Technologies such as cloud computing, 
big data analytics, artificial intelligence, and blockchain enable the processing of vast 
amounts of data in real time and support more sophisticated decision-making processes. For 
example, cloud-based systems allow for scalable data storage and global accessibility, while 
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AI-driven analytics can identify patterns and optimise operations in ways that would be 
impossible using traditional methods. 

Blockchain technology, in particular, has attracted attention as a tool for improving 
transparency and traceability in supply chains. By creating immutable records of 
transactions and product flows, blockchain systems enable companies to verify the origin of 
materials, track product movements, and ensure compliance with sustainability standards. 
This is especially relevant in industries where ethical sourcing and environmental impact are 
critical concerns. 

Despite these advantages, the implementation and integration of information systems 
present several challenges. Organisations often face issues related to system compatibility, 
data standardisation, and high implementation costs. Different supply chain partners may 
use incompatible systems, making data exchange difficult and limiting the effectiveness of 
integration efforts. Additionally, the adoption of advanced technologies requires significant 
investments in infrastructure, training, and organisational change. 

Another challenge is related to data security and privacy. As supply chains become more 
digitalised and interconnected, the risk of cyberattacks and data breaches increases. 
Companies must therefore implement robust security measures to protect sensitive 
information and ensure the integrity of their systems. 

It is also important to consider the environmental impact of digital technologies themselves. 
Information systems require energy for data processing, storage, and transmission, which 
contributes to the overall carbon footprint. Therefore, organisations must adopt a balanced 
approach, ensuring that the benefits of digitalisation outweigh its environmental costs. 

In conclusion, information systems are indispensable components of modern supply chain 
management. They enable integration, enhance transparency, support sustainability 
objectives, and facilitate data-driven decision-making. As supply chains continue to evolve in 
response to global challenges and technological advancements, the effective design and 
management of information systems will remain a key factor in achieving both operational 
excellence and long-term sustainability. 

 

4.3. Environmental data and ESG reporting 

The increasing importance of sustainability in global economic systems has significantly 
transformed the role of data in supply chain management. Companies are no longer 
evaluated solely based on their financial performance, but also on their environmental and 
social impact. As a result, the collection, analysis, and reporting of environmental data have 
become essential components of modern supply chain operations. 

Environmental data refers to quantitative and qualitative information that reflects the 
impact of business activities on the natural environment. In the context of supply chains, this 
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data is generated at multiple stages, including raw material extraction, production, 
transportation, warehousing, and product end-of-life management. The complexity of these 
processes makes environmental data collection a challenging task, particularly in multi-tier 
and global supply chains. 

Key types of environmental data commonly collected in supply chains include: 

 greenhouse gas emissions (especially CO₂ and other climate-relevant gases)  
 energy consumption across different processes and facilities  
 water usage and water footprint  
 waste generation, recycling, and disposal rates  
 use of raw materials and natural resources  

Among these, carbon emissions data has gained particular importance due to global efforts 
to mitigate climate change. Companies are increasingly required to measure emissions not 
only within their own operations (Scope 1 and Scope 2) but also across their entire supply 
chain (Scope 3). Scope 3 emissions often represent the largest share of a company’s total 
environmental impact, as they include activities performed by suppliers, logistics providers, 
and customers. 

The need to systematically manage and communicate such data has led to the development 
of ESG reporting frameworks, which provide structured approaches to evaluating and 
disclosing sustainability performance. ESG stands for Environmental, Social, and Governance, 
and it reflects a comprehensive perspective on corporate responsibility. 

In supply chains, ESG reporting serves several important functions. First, it enhances 
transparency, allowing stakeholders—including investors, regulators, and customers—to 
assess the sustainability performance of a company. Second, it supports internal decision-
making, as access to reliable data enables organisations to identify inefficiencies and 
implement targeted improvements. Third, it facilitates compliance with regulatory 
requirements, which are becoming increasingly stringent, particularly in the European 
Union. 

Regulatory developments, such as sustainability reporting directives and due diligence 
requirements, are extending corporate responsibility beyond direct operations to include 
entire supply chains. Companies are now expected to monitor the environmental and social 
performance of their suppliers and to take corrective actions when necessary. This 
represents a significant shift from voluntary sustainability initiatives to mandatory 
accountability frameworks. 

However, the implementation of ESG reporting in supply chains is associated with several 
challenges. One of the most significant issues is the lack of standardisation in measurement 
and reporting methodologies. Different organisations may use different indicators, 
calculation methods, and reporting formats, making it difficult to compare data and ensure 
consistency. 
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Another challenge is the availability and reliability of data, particularly from lower-tier 
suppliers. Many smaller suppliers may lack the resources, expertise, or systems required to 
collect and report environmental data accurately. This creates gaps in the overall assessment 
of supply chain performance and limits the effectiveness of sustainability strategies. 

In addition, the process of data collection and verification can be costly and time-
consuming. Companies must invest in data management systems, auditing procedures, and 
staff training to ensure the accuracy and credibility of reported information. These 
requirements may pose a barrier, especially for small and medium-sized enterprises. 

Despite these challenges, effective management of environmental data offers significant 
benefits. It enables companies to identify areas of high environmental impact and prioritise 
actions to reduce emissions and resource consumption. It also supports innovation by 
highlighting opportunities for process improvement and the adoption of cleaner 
technologies. 

Furthermore, transparent ESG reporting can enhance a company’s reputation and 
stakeholder trust. In an increasingly competitive and sustainability-conscious market, 
organisations that demonstrate a commitment to responsible practices are more likely to 
attract investors, customers, and business partners. 

It is also important to note that environmental data is increasingly integrated into 
performance measurement and strategic planning. Companies are setting measurable 
sustainability targets, such as carbon neutrality or resource efficiency goals, and using data 
to track progress over time. This reflects a shift from reactive compliance to proactive 
sustainability management. 

In conclusion, environmental data and ESG reporting have become central elements of 
sustainable supply chain management. They enable organisations to measure their impact, 
improve transparency, and align their operations with global sustainability objectives. As 
regulatory pressures and stakeholder expectations continue to grow, the ability to 
effectively manage and report environmental data will be a critical factor in achieving long-
term success and responsibility in supply chain operations. 

 

4.4. Data-driven decision-making and analytics 

The rapid development of digital technologies and the growing availability of data have 
fundamentally transformed the way supply chains are managed and optimised. Traditional 
decision-making approaches, which were often based on experience, intuition, or limited 
datasets, are increasingly being replaced by data-driven decision-making, where analytical 
tools and large-scale data processing play a central role. 

In a data-driven supply chain, decisions are based on the systematic collection, analysis, and 
interpretation of data generated across various processes and organisational levels. This 
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includes data related to demand, inventory, transportation, production, customer 
behaviour, and environmental performance. By leveraging this data, companies are able to 
gain deeper insights into their operations and make more informed, accurate, and timely 
decisions. 

One of the key advantages of data-driven decision-making is its ability to support predictive 
and prescriptive analytics. Predictive analytics uses historical data and statistical models to 
forecast future events, such as customer demand, supply disruptions, or price fluctuations. 
For example, demand forecasting models enable companies to better align production with 
market needs, reducing the risk of overproduction and excess inventory. This not only 
improves operational efficiency but also contributes to sustainability by minimising waste 
and resource consumption. 

Prescriptive analytics goes a step further by providing recommendations on optimal actions. 
Based on the analysis of multiple variables and possible scenarios, these systems can suggest 
the most efficient transport routes, inventory levels, or production schedules. In the context 
of sustainable supply chains, prescriptive analytics can be used to identify solutions that 
minimise both costs and environmental impact, such as selecting low-emission transport 
options or optimising delivery networks to reduce fuel consumption. 

Another important dimension of data-driven supply chain management is the use of real-
time data and dynamic decision-making. Modern supply chains operate in highly volatile 
environments, where conditions can change rapidly due to factors such as traffic disruptions, 
weather conditions, or sudden shifts in demand. Real-time data enables organisations to 
respond immediately to these changes, adjusting their operations in a flexible and adaptive 
manner. For example, transport management systems can dynamically reroute shipments to 
avoid congestion, thereby reducing delays and emissions. 

Advanced technologies such as artificial intelligence (AI) and machine learning (ML) further 
enhance the capabilities of data analytics in supply chains. These technologies are capable of 
processing large and complex datasets, identifying patterns, and continuously improving 
their performance over time. AI-driven systems can optimise inventory management, detect 
anomalies in supply chain operations, and support automated decision-making processes. 

From a sustainability perspective, data analytics plays a crucial role in identifying and 
reducing environmental impacts. By analysing emissions data, energy consumption, and 
resource use, companies can pinpoint the most environmentally intensive activities within 
their supply chains. This enables targeted interventions, such as redesigning transport 
networks, improving energy efficiency, or selecting more sustainable suppliers. 

Moreover, data-driven approaches support risk management and supply chain resilience. 
By analysing historical data and external factors, companies can anticipate potential 
disruptions and assess their likely impact. This allows organisations to develop contingency 
plans and increase their ability to withstand shocks. In a global context characterised by 
uncertainty and volatility, such capabilities are essential for maintaining continuity and 
stability. 
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However, the implementation of data-driven decision-making is associated with several 
challenges. One of the primary issues is data quality and availability. Incomplete, 
inaccurate, or inconsistent data can lead to incorrect conclusions and poor decision-making. 
Ensuring high-quality data requires robust data governance frameworks, standardisation of 
data formats, and effective data validation processes. 

Another challenge is related to organisational readiness and skills. The effective use of 
advanced analytics requires not only technological infrastructure but also employees with 
appropriate analytical competencies. Companies must invest in training and develop a 
culture that supports evidence-based decision-making rather than relying solely on intuition 
or past experience. 

In addition, the increasing reliance on data raises concerns related to data security and 
ethical considerations. Organisations must ensure that data is protected against 
unauthorised access and that its use complies with legal and ethical standards. This is 
particularly important in supply chains that involve multiple partners and cross-border data 
flows. 

It is also important to recognise that data analytics should not be viewed as a standalone 
solution but as part of a broader strategic framework. The effectiveness of data-driven 
decision-making depends on its integration with organisational processes, business 
objectives, and sustainability strategies. Without this alignment, even the most advanced 
analytical tools may fail to deliver meaningful results. 

In conclusion, data-driven decision-making and analytics represent a transformative force in 
supply chain management. They enable organisations to move from reactive and 
fragmented decision-making towards proactive, integrated, and sustainable approaches. By 
leveraging data and advanced analytical tools, companies can improve efficiency, reduce 
environmental impact, enhance resilience, and create long-term value in increasingly 
complex and dynamic supply chain environments. 

 

Review questions 

 Why is information considered a key resource in modern supply chain management?  
 What types of information systems are used in supply chains and what are their main 

functions?  
 What is the role of environmental data and ESG reporting in supply chains?  
 How does data analytics support decision-making and efficiency in supply chains?  
 What are the main challenges related to data management in global supply chains? 
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Topic 5 - The Importance of Integration and Relationships in Supply 

Chain 

5.1. The role of integration in supply chain relationships 

Integration is a fundamental concept in modern supply chain management, referring to the 
degree to which different entities within a supply chain coordinate their activities, share 
information, and align their strategies in order to achieve common objectives. In the context 
of increasingly complex and globalised supply networks, integration is no longer an optional 
feature but a critical requirement for ensuring efficiency, resilience, and sustainability. 

In traditional supply chain models, relationships between organisations were often 
transactional and short-term in nature. Companies focused primarily on negotiating prices 
and securing immediate operational benefits, with limited attention given to long-term 
cooperation or strategic alignment. This approach frequently led to fragmented operations, 
inefficiencies, and a lack of transparency across the supply chain. 

In contrast, contemporary supply chains emphasise collaborative and integrated 
relationships, where partners work together to optimise the performance of the entire 
system rather than individual components. Integration in this context involves not only the 
coordination of physical flows but also the alignment of information, processes, and 
decision-making mechanisms across organisational boundaries. 

One of the key dimensions of integration is strategic alignment. This refers to the extent to 
which supply chain partners share common goals, values, and priorities. In sustainable 
supply chains, strategic alignment often includes a shared commitment to environmental 
protection, social responsibility, and ethical business practices. When partners operate 
based on aligned objectives, it becomes easier to implement joint initiatives aimed at 
reducing emissions, improving resource efficiency, or ensuring fair labour conditions. 

Another important aspect is operational integration, which involves the coordination of day-
to-day activities such as production planning, inventory management, and transportation. 
Effective operational integration allows companies to synchronise their processes, reduce 
redundancies, and improve overall efficiency. For example, coordinated demand forecasting 
and production planning can minimise excess inventory and reduce waste, while integrated 
transport planning can lead to better utilisation of resources and lower emissions. 

Information sharing is a central element of integration. The ability to exchange accurate and 
timely data between partners enables better decision-making and enhances transparency 
across the supply chain. Information integration supports activities such as demand 
forecasting, order processing, and performance monitoring. In sustainable supply chains, it 
also facilitates the collection and analysis of environmental and social data, which is 
essential for ESG reporting and compliance. 
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Trust plays a crucial role in enabling integration. Without trust, companies may be reluctant 
to share sensitive information or engage in long-term collaboration. Trust is built over time 
through consistent behaviour, transparency, and mutual benefits. Strong trust-based 
relationships encourage openness, reduce the need for excessive control mechanisms, and 
support more flexible and adaptive cooperation. 

From a sustainability perspective, integration is particularly important because many 
environmental and social impacts occur beyond the boundaries of a single organisation. 
Addressing issues such as carbon emissions, resource consumption, or labour conditions 
requires coordinated action across multiple partners. Integrated supply chains are better 
equipped to implement systemic solutions, such as circular economy models, green logistics 
initiatives, or responsible sourcing programmes. 

However, achieving a high level of integration is not without challenges. Differences in 
organisational culture, objectives, and capabilities can create barriers to effective 
collaboration. Additionally, companies may be concerned about losing control, sharing 
confidential information, or becoming overly dependent on specific partners. These 
challenges require careful management and the development of appropriate governance 
mechanisms. 

Technological advancements, particularly in the field of digitalisation, have significantly 
facilitated integration in supply chains. Modern information systems enable real-time data 
sharing, improve visibility, and support coordinated decision-making. However, technology 
alone is not sufficient; successful integration also requires organisational commitment, clear 
communication, and a willingness to collaborate. 

In conclusion, integration is a key determinant of supply chain performance and 
sustainability. It enables organisations to move beyond isolated operations and develop 
coordinated, system-wide solutions that address complex economic, environmental, and 
social challenges. As supply chains continue to evolve, the ability to build and maintain 
integrated relationships will become an increasingly important source of competitive 
advantage. 

 

5.2. Cooperation and partnership in supply chains 

Cooperation and partnership represent essential pillars of modern supply chain 
management, particularly in the context of increasing global complexity, uncertainty, and 
sustainability challenges. While integration focuses on the alignment of processes and 
systems, cooperation refers to the quality of interactions and the depth of collaboration 
between supply chain partners. In contemporary supply chains, competitive advantage is no 
longer achieved solely by individual companies, but rather by entire networks of 
organisations that are capable of working together effectively. 
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In traditional supply chain structures, relationships between firms were often based on 
short-term contracts and transactional exchanges. Companies tended to select partners 
primarily on the basis of price, with limited emphasis on long-term collaboration or shared 
value creation. This approach frequently resulted in adversarial relationships, lack of trust, 
and suboptimal performance at the system level. 

In contrast, modern supply chains increasingly rely on strategic partnerships, where 
organisations establish long-term, mutually beneficial relationships based on shared goals, 
trust, and joint problem-solving. These partnerships go beyond simple buyer–supplier 
interactions and involve a high level of commitment, communication, and coordination. 

A key feature of effective cooperation is the concept of shared value creation. Rather than 
focusing solely on cost reduction, supply chain partners collaborate to generate value that 
benefits all participants. This may include improving product quality, enhancing service 
levels, reducing environmental impact, or developing innovative solutions. In sustainable 
supply chains, shared value often involves joint initiatives aimed at reducing emissions, 
improving resource efficiency, or ensuring ethical sourcing practices. 

Another important aspect of cooperation is joint planning and decision-making. Supply 
chain partners increasingly engage in collaborative planning processes, such as shared 
demand forecasting, production scheduling, and inventory management. These practices 
enable better alignment of activities, reduce uncertainty, and improve overall efficiency. For 
example, collaborative forecasting can help synchronise supply and demand, minimising 
both shortages and excess inventory. 

Communication is a critical factor that underpins successful cooperation. Effective 
communication ensures that relevant information is shared in a timely and accurate manner, 
enabling partners to coordinate their actions and respond to changing conditions. In global 
supply chains, communication is often complicated by differences in language, culture, and 
organisational practices, which makes the development of clear communication channels 
and protocols particularly important. 

Trust and commitment are central to building strong partnerships. Trust reduces the 
perceived risks associated with cooperation, such as the potential misuse of shared 
information or opportunistic behaviour. When trust is present, partners are more willing to 
invest in long-term relationships, share knowledge, and engage in joint innovation. 
Commitment, in turn, reflects the willingness of organisations to maintain and develop the 
relationship over time, even in the face of challenges. 

From a sustainability perspective, cooperation is indispensable for addressing complex 
environmental and social issues that extend across the supply chain. Challenges such as 
climate change, resource scarcity, and labour standards cannot be effectively managed by 
individual companies acting alone. Instead, they require coordinated efforts involving 
multiple stakeholders. For example, reducing carbon emissions in transport may involve 
collaboration between manufacturers, logistics providers, and technology suppliers. 
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Partnerships also play a crucial role in the implementation of innovation and technological 
solutions. The development and adoption of new technologies, such as digital platforms, 
automation systems, or low-emission transport solutions, often require collaboration 
between different organisations. By pooling resources and expertise, partners can accelerate 
innovation and reduce the risks associated with new investments. 

However, cooperation in supply chains is not without challenges. Potential barriers include 
conflicts of interest, unequal distribution of benefits, lack of trust, and differences in 
organisational capabilities. Additionally, power imbalances between large and small 
companies may affect the nature of relationships and limit the ability of weaker partners to 
fully participate in collaborative initiatives. 

To overcome these challenges, companies must develop appropriate governance 
mechanisms, including clear contractual arrangements, performance measurement systems, 
and conflict resolution procedures. At the same time, fostering a culture of openness, 
transparency, and mutual respect is essential for building sustainable partnerships. 

In conclusion, cooperation and partnership are key drivers of effective and sustainable 
supply chain management. They enable organisations to move beyond transactional 
relationships and develop collaborative networks capable of addressing complex challenges 
and creating long-term value. In an increasingly interconnected and sustainability-oriented 
global economy, the ability to build strong and resilient partnerships will be a decisive factor 
for success. 

 

5.3. Stakeholder management in supply chains 

Stakeholder management has become an essential component of modern supply chain 
management, particularly in the context of sustainability, corporate responsibility, and 
increasing regulatory and societal expectations. In complex, multi-tier supply chains, 
companies interact with a wide range of stakeholders whose interests, expectations, and 
influence must be carefully considered and managed. 

A stakeholder can be broadly defined as any individual, group, or organisation that can affect 
or is affected by the activities of a supply chain. In practice, this includes both internal and 
external actors, such as: 

 suppliers and subcontractors  
 customers and end-users  
 employees and management  
 logistics service providers  
 investors and shareholders  
 regulatory bodies and public institutions  
 local communities and non-governmental organisations (NGOs)  
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The diversity of stakeholders means that supply chain decisions often involve balancing 
competing interests. For example, efforts to reduce costs may conflict with the need to 
ensure fair wages or environmentally responsible practices. Effective stakeholder 
management therefore requires a structured approach that takes into account both 
economic objectives and broader social and environmental considerations. 

In sustainable supply chains, stakeholder management is closely linked to the concept of 
responsibility across the entire value chain. Companies are increasingly expected to take 
accountability not only for their own operations but also for the actions of their partners, 
particularly suppliers. This includes ensuring compliance with environmental standards, 
labour regulations, and ethical business practices. As a result, stakeholder management 
extends beyond direct interactions and encompasses a broader network of relationships. 

One of the key elements of stakeholder management is stakeholder identification and 
mapping. This process involves identifying relevant stakeholders, analysing their level of 
influence and interest, and understanding their expectations. Stakeholders can differ 
significantly in terms of their power to influence supply chain decisions. For example, 
regulatory authorities may impose legal requirements, while customers may shape demand 
through their purchasing preferences. 

Another important aspect is stakeholder engagement, which refers to the process of 
communicating and interacting with stakeholders in a systematic and continuous manner. 
Effective engagement involves not only informing stakeholders about company activities but 
also actively listening to their concerns and incorporating their feedback into decision-
making processes. This may include consultations, partnerships, reporting mechanisms, and 
participation in multi-stakeholder initiatives. 

Transparency is a critical factor in building trust with stakeholders. Companies are 
increasingly expected to disclose information about their supply chain practices, 
environmental impact, and social performance. Transparent communication helps reduce 
uncertainty, enhances credibility, and strengthens relationships with key stakeholders. In the 
context of ESG, transparency is also a prerequisite for effective reporting and compliance 
with regulatory requirements. 

Stakeholder management also plays a central role in risk identification and mitigation. 
Many risks in supply chains—such as environmental damage, labour rights violations, or 
reputational issues—are closely linked to stakeholder expectations and actions. By actively 
engaging with stakeholders, companies can identify potential risks at an early stage and 
implement appropriate mitigation strategies. 

Furthermore, stakeholder management supports the implementation of sustainability 
initiatives and innovations. Collaboration with stakeholders, such as suppliers, research 
institutions, or NGOs, can facilitate the development of new solutions, including 
environmentally friendly technologies, responsible sourcing practices, or community 
development programmes. These initiatives often require coordinated action and shared 
commitment among multiple actors. 
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However, managing stakeholders in global supply chains is a complex and demanding task. 
Challenges include differences in cultural norms, regulatory environments, and levels of 
economic development. Additionally, conflicting stakeholder interests may create tensions 
and require difficult trade-offs. For example, stricter environmental standards may increase 
costs, which could affect competitiveness or supplier relationships. 

To address these challenges, companies must adopt structured stakeholder management 
frameworks and integrate them into their overall supply chain strategy. This includes 
establishing clear policies, defining responsibilities, and implementing monitoring and 
evaluation mechanisms. It also requires developing organisational capabilities, such as 
communication skills, cultural awareness, and ethical decision-making. 

Importantly, stakeholder management is not a one-time activity but a continuous and 
dynamic process. Stakeholder expectations evolve over time, influenced by changes in 
market conditions, societal values, and regulatory frameworks. Companies must therefore 
regularly reassess their stakeholder relationships and adapt their strategies accordingly. 

In conclusion, stakeholder management is a critical element of sustainable supply chain 
management. It enables organisations to navigate complex relationships, balance competing 
interests, and build trust with key actors. By effectively engaging with stakeholders, 
companies can enhance their resilience, improve their sustainability performance, and 
create long-term value for both business and society. 

 

5.4. Trust, coordination and long-term relationships in supply chains 

Trust, coordination, and long-term relationships constitute the foundational elements that 
determine the stability, efficiency, and sustainability of modern supply chains. In increasingly 
complex and interconnected global networks, where organisations depend on multiple 
partners operating across different regions and contexts, the quality of relationships 
becomes a decisive factor influencing overall performance. 

Trust can be understood as the confidence that supply chain partners will act in a reliable, 
transparent, and mutually beneficial manner. It reduces uncertainty and enables more open 
and effective collaboration between organisations. In environments characterised by high 
levels of complexity and risk, trust plays a critical role in facilitating cooperation, particularly 
when formal contracts cannot fully specify all aspects of a relationship. 

In traditional supply chains, relationships were often governed primarily by contractual 
agreements and formal control mechanisms. While such mechanisms remain important, 
they are not sufficient to ensure effective collaboration in dynamic and uncertain 
environments. Trust complements formal governance by creating a relational foundation 
that encourages partners to share information, align their objectives, and engage in joint 
problem-solving. 
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One of the most significant benefits of trust is its ability to reduce transaction costs. When 
trust is present, organisations spend less time and resources on monitoring, verification, and 
enforcement of agreements. This allows for more flexible and efficient interactions. For 
example, partners may be more willing to share sensitive data, collaborate on innovation 
projects, or adapt to unexpected changes without requiring extensive renegotiation of 
contracts. 

Closely related to trust is the concept of coordination, which refers to the alignment and 
synchronisation of activities across different actors within the supply chain. Effective 
coordination ensures that processes such as production, transportation, and distribution are 
carried out in a coherent and efficient manner. Without coordination, supply chains may 
experience disruptions, delays, or inefficiencies that increase costs and environmental 
impact. 

Coordination can take various forms, including: 

 synchronisation of production schedules and delivery times  
 alignment of inventory management practices  
 coordination of transport and logistics operations  
 integration of information systems and data flows  

In sustainable supply chains, coordination is particularly important for achieving 
environmental and social objectives. For example, coordinated transport planning can 
reduce empty runs and emissions, while aligned sourcing strategies can ensure compliance 
with environmental and labour standards across the supply chain. 

Long-term relationships provide the framework within which trust and coordination can 
develop and be sustained over time. Unlike short-term, transactional interactions, long-term 
partnerships allow organisations to build deeper understanding, develop shared practices, 
and invest in joint capabilities. These relationships are especially important in the context of 
sustainability, where many initiatives require continuous collaboration and long-term 
commitment. 

For instance, implementing low-emission technologies, improving energy efficiency, or 
transitioning to circular economy models often involves significant investments and 
organisational changes. Such initiatives are more likely to succeed when partners are 
committed to maintaining stable relationships and sharing both risks and benefits. 

Long-term relationships also support learning and knowledge exchange within the supply 
chain. Over time, partners develop a better understanding of each other’s processes, 
capabilities, and expectations. This facilitates the transfer of knowledge, promotes 
innovation, and enhances the overall adaptability of the supply chain. 

However, building and maintaining trust-based, long-term relationships is not without 
challenges. Factors such as cultural differences, power imbalances, conflicting objectives, 
and external uncertainties can undermine trust and coordination. For example, dominant 
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companies in a supply chain may exert pressure on smaller partners, leading to unequal 
relationships and reduced willingness to cooperate. 

To address these challenges, organisations must implement appropriate governance 
structures that combine formal mechanisms (such as contracts and performance metrics) 
with relational elements (such as communication, transparency, and mutual respect). 
Regular communication, clear expectations, and consistent behaviour are essential for 
building and maintaining trust over time. 

It is also important to recognise that trust is fragile and can be easily damaged by 
opportunistic behaviour, lack of transparency, or failure to meet commitments. Once lost, 
trust is difficult to rebuild, which highlights the importance of ethical conduct and 
responsible management practices. 

From a sustainability perspective, trust, coordination, and long-term relationships are key 
enablers of systemic change in supply chains. They allow organisations to move beyond 
isolated actions and implement integrated solutions that address environmental and social 
challenges at scale. 

In conclusion, the development of trust-based, well-coordinated, and long-term 
relationships is a critical success factor in modern supply chain management. These 
elements support efficiency, resilience, and sustainability, enabling organisations to operate 
effectively in complex and dynamic environments. As global challenges continue to intensify, 
the ability to build strong and enduring partnerships will become increasingly important for 
achieving sustainable and competitive supply chain systems. 

 

Review questions 

 What is the role of integration in supply chain management and why is it important 
for sustainability?  

 How do cooperation and long-term partnerships influence supply chain 
performance?  

 What are the key factors that support effective collaboration between supply chain 
partners?  

 Who are the main stakeholders in supply chains and why is stakeholder management 
important?  

 How do trust and coordination contribute to building resilient and sustainable supply 
chains?  
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Topic 6 - Tools and Instruments Used for Sustainable Supply Chain 

Measurement 

6.1. Environmental indicators in sustainable supply chains 

Environmental indicators are fundamental tools used to measure, monitor, and evaluate the 
environmental performance of supply chains. In the context of sustainable supply chain 
management, they provide a structured and quantifiable way to assess the impact of 
logistics and production activities on the natural environment. Without clearly defined 
indicators, it would be difficult for organisations to identify inefficiencies, set sustainability 
targets, or evaluate the effectiveness of improvement initiatives. 

At their core, environmental indicators translate complex environmental processes into 
measurable variables that can be tracked over time and compared across different 
operations or organisations. These indicators support decision-making by providing objective 
data on resource use, emissions, and environmental impact. In this sense, they serve as a 
bridge between sustainability goals and operational practice. 

One of the most commonly used categories of environmental indicators in supply chains 
relates to greenhouse gas emissions, particularly carbon dioxide (CO₂). Emission indicators 
are typically expressed in terms of total emissions or emissions intensity, such as emissions 
per unit of product, per kilometre transported, or per unit of revenue. These metrics allow 
companies to assess the carbon footprint of their operations and identify areas where 
emission reductions can be achieved. 

Another important group of indicators focuses on energy consumption. Energy-related 
indicators measure the amount of energy used in various processes, including production, 
transportation, and warehousing. They are often expressed in absolute terms (e.g. total 
energy consumption) or relative terms (e.g. energy use per unit of output). Monitoring 
energy consumption is essential for improving efficiency and reducing environmental 
impact, particularly in energy-intensive sectors. 

Resource use indicators provide information about the consumption of raw materials and 
natural resources. These may include indicators related to water usage, material efficiency, 
or the proportion of renewable versus non-renewable resources used in production. 
Efficient resource management is a key element of sustainable supply chains, as it directly 
influences both environmental impact and cost efficiency. 

Waste management is another critical area captured by environmental indicators. Waste-
related indicators measure the amount of waste generated, the proportion of waste 
recycled or reused, and the volume of waste sent to landfill. These indicators are closely 
linked to the concept of the circular economy, which aims to minimise waste and maximise 
resource recovery. 
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In addition to these core categories, environmental indicators may also address more 
specific aspects, such as: 

 air pollutant emissions (e.g. NOx, SOx, particulate matter)  
 water pollution and discharge levels  
 land use and biodiversity impact  
 packaging materials and their recyclability  

The selection of appropriate indicators depends on the nature of the supply chain, the 
industry, and the specific sustainability objectives of the organisation. 

A key challenge in the use of environmental indicators is ensuring data availability and 
accuracy. In complex, multi-tier supply chains, data must often be collected from multiple 
partners, which may use different measurement methods or lack the necessary capabilities. 
This creates difficulties in ensuring consistency and comparability of data across the supply 
chain. 

Standardisation plays a crucial role in addressing this issue. International frameworks and 
guidelines, such as greenhouse gas accounting standards or sustainability reporting 
frameworks, provide methodologies for calculating and reporting environmental indicators. 
These standards improve transparency and enable benchmarking between organisations. 

Another important consideration is the distinction between absolute and relative 
indicators. Absolute indicators measure total environmental impact, while relative indicators 
assess efficiency by relating impact to output. Both types are important: absolute indicators 
are useful for understanding overall environmental pressure, while relative indicators help 
evaluate improvements in efficiency. 

Environmental indicators also support performance management and continuous 
improvement. By regularly monitoring key indicators, organisations can track progress 
towards sustainability targets, identify deviations, and implement corrective actions. This 
creates a feedback loop that drives ongoing improvement and innovation. 

Furthermore, the use of environmental indicators is closely linked to regulatory compliance 
and ESG reporting. Companies are increasingly required to disclose their environmental 
performance using standardised indicators. Accurate and transparent reporting enhances 
credibility and supports stakeholder engagement. 

It is important to note that environmental indicators should not be used in isolation. Their 
interpretation requires a broader understanding of supply chain processes and context. For 
example, a reduction in emissions intensity may be accompanied by an increase in total 
emissions if production volume increases. Therefore, a comprehensive analysis must 
consider multiple indicators and their interrelationships. 

In conclusion, environmental indicators are essential tools for measuring and managing 
sustainability in supply chains. They provide the quantitative foundation for decision-making, 
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support transparency and accountability, and enable organisations to align their operations 
with environmental objectives. As sustainability becomes an increasingly central concern in 
global supply chains, the effective use of environmental indicators will play a key role in 
driving responsible and efficient management practices. 

 

6.2. Carbon footprint and emission measurement 

The measurement of carbon footprint has become a central element of sustainable supply 
chain management, reflecting the growing global focus on climate change mitigation and the 
reduction of greenhouse gas emissions. A carbon footprint represents the total amount of 
greenhouse gases (GHG) emitted directly or indirectly by an organisation, product, or supply 
chain, expressed typically in terms of carbon dioxide equivalent (CO₂e). This standardised 
unit allows for the aggregation of different greenhouse gases based on their global warming 
potential. 

In the context of supply chains, carbon footprint measurement is particularly complex due to 
the involvement of multiple actors, processes, and geographical locations. Emissions are 
generated at every stage of the supply chain, including raw material extraction, production, 
transportation, storage, and product use and disposal. As a result, a comprehensive 
assessment requires a holistic approach that considers the entire life cycle of a product or 
service. 

A widely recognised framework for categorising emissions is based on the distinction 
between Scope 1, Scope 2, and Scope 3 emissions. This classification provides a structured 
way to identify and manage different sources of emissions within and beyond organisational 
boundaries. 

 Scope 1 emissions refer to direct emissions from sources that are owned or 
controlled by the company. These include emissions from fuel combustion in 
company-owned vehicles, production facilities, or heating systems. Scope 1 
emissions are typically the easiest to measure, as they occur within the organisation’s 
direct control.  

 Scope 2 emissions are indirect emissions associated with the consumption of 
purchased energy, such as electricity, heat, or steam. Although these emissions occur 
at the point of energy generation, they are attributed to the organisation that 
consumes the energy. Reducing Scope 2 emissions often involves improving energy 
efficiency or switching to renewable energy sources.  

 Scope 3 emissions include all other indirect emissions that occur throughout the 
value chain, both upstream and downstream. These emissions are typically the most 
significant in supply chains, as they encompass activities such as supplier operations, 
transportation, product use, and end-of-life treatment. However, they are also the 
most difficult to measure and manage due to limited control and data availability.  
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In many industries, Scope 3 emissions account for the majority of the total carbon footprint, 
highlighting the importance of extending emission management efforts beyond direct 
operations. This requires close collaboration with suppliers, logistics providers, and other 
stakeholders to collect data and implement emission reduction strategies. 

The process of carbon footprint measurement involves several key steps. First, organisations 
must define the system boundaries, determining which activities and processes will be 
included in the assessment. This is followed by data collection, where information on energy 
use, fuel consumption, transport distances, and other relevant parameters is gathered. The 
next step is emission calculation, which involves applying appropriate emission factors to 
convert activity data into CO₂e values. Finally, the results are analysed and reported, often in 
accordance with recognised standards. 

Various methodologies and standards have been developed to support carbon footprint 
measurement. These include international guidelines for greenhouse gas accounting, which 
provide consistent approaches for calculating and reporting emissions. The use of 
standardised methodologies enhances the comparability and credibility of reported data, 
which is particularly important in the context of ESG reporting and regulatory compliance. 

From a practical perspective, carbon footprint measurement enables companies to identify 
emission hotspots within their supply chains. These are areas or processes that generate the 
highest levels of emissions and therefore offer the greatest potential for reduction. For 
example, long-distance transportation, energy-intensive production processes, or inefficient 
logistics operations may significantly contribute to the overall carbon footprint. 

Once these hotspots are identified, organisations can implement targeted decarbonisation 
strategies. These may include: 

 optimising transport routes and modes (e.g. shifting from road to rail or sea 
transport)  

 improving energy efficiency in production and warehousing  
 adopting renewable energy sources  
 redesigning products to reduce material use and emissions  
 collaborating with suppliers to improve sustainability practices  

Carbon footprint data also supports strategic decision-making and long-term planning. 
Companies can set emission reduction targets, monitor progress over time, and evaluate the 
effectiveness of different initiatives. In many cases, carbon reduction is integrated into 
broader corporate strategies, including commitments to carbon neutrality or net-zero 
emissions. 

However, the measurement and management of carbon footprint in supply chains present 
several challenges. One of the main issues is the availability and reliability of data, 
particularly for Scope 3 emissions. Many suppliers may lack the necessary systems or 
expertise to provide accurate data, leading to reliance on estimates or industry averages. 
This can reduce the precision of the assessment and limit its usefulness for decision-making. 
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Another challenge is the complexity of calculation methods, which may require specialised 
knowledge and tools. Companies must ensure that their methodologies are consistent, 
transparent, and aligned with recognised standards. Additionally, the process can be 
resource-intensive, requiring investments in data collection systems, software, and staff 
training. 

Despite these challenges, carbon footprint measurement offers significant benefits. It 
provides a clear and quantifiable basis for understanding environmental impact, supports 
regulatory compliance, and enhances transparency for stakeholders. It also creates 
opportunities for cost savings through improved efficiency and resource management. 

Importantly, carbon footprint measurement is not an end in itself but a tool for continuous 
improvement. Its value lies in enabling organisations to take informed actions that reduce 
emissions and contribute to broader climate goals. As global efforts to combat climate 
change intensify, the ability to accurately measure and manage carbon emissions will 
become a key requirement for companies operating in international supply chains. 

In conclusion, carbon footprint and emission measurement are essential components of 
sustainable supply chain management. They provide the foundation for understanding 
environmental impact, identifying improvement opportunities, and implementing effective 
decarbonisation strategies. As regulatory pressures and stakeholder expectations continue 
to grow, companies that develop strong capabilities in this area will be better positioned to 
achieve long-term sustainability and competitiveness. 

 

6.3. Life Cycle Assessment (LCA) in supply chains 

Life Cycle Assessment (LCA) is one of the most comprehensive and widely used 
methodologies for evaluating the environmental impact of products, processes, and supply 
chains. It provides a systematic framework for analysing the environmental effects 
associated with all stages of a product’s life cycle, from raw material extraction through 
production and distribution to use and end-of-life management. In the context of 
sustainable supply chain management, LCA plays a critical role in supporting informed 
decision-making and identifying opportunities for environmental improvement. 

The fundamental principle of LCA is based on the concept of a “cradle-to-grave” approach, 
which considers the entire life cycle of a product. This includes: 

 extraction and processing of raw materials  
 manufacturing and production processes  
 transportation and distribution  
 product use and maintenance  
 end-of-life treatment, including recycling, reuse, or disposal  
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By analysing all these stages, LCA avoids the risk of shifting environmental burdens from one 
part of the supply chain to another. For example, a solution that reduces emissions during 
production may increase environmental impact during the use phase or disposal. LCA 
provides a holistic perspective that helps identify such trade-offs and supports more 
balanced decision-making. 

The LCA methodology is typically structured into four main phases. The first phase is goal 
and scope definition, where the purpose of the assessment is established, and the system 
boundaries are defined. This includes determining which processes will be included, what 
functional unit will be used (e.g. one product, one kilogram of material), and what level of 
detail is required. 

The second phase is life cycle inventory (LCI) analysis, which involves the collection of data 
on inputs and outputs associated with each stage of the life cycle. This includes data on 
energy use, raw material consumption, emissions to air and water, and waste generation. 
The quality and completeness of this data are critical for the reliability of the assessment. 

The third phase is life cycle impact assessment (LCIA), where the collected data is translated 
into environmental impact categories. These categories may include climate change, 
resource depletion, acidification, eutrophication, and human toxicity. This phase allows for 
the evaluation of the significance of different environmental impacts. 

The final phase is interpretation, in which the results are analysed, conclusions are drawn, 
and recommendations are formulated. This phase involves identifying key impact areas, 
assessing uncertainties, and evaluating the robustness of the results. 

In supply chains, LCA is particularly valuable because it enables companies to identify 
environmental hotspots across different stages and actors. For example, it may reveal that 
the majority of environmental impact is associated with raw material extraction rather than 
production or transport. Such insights allow organisations to prioritise actions and focus on 
the most critical areas. 

LCA is also closely linked to the concept of the circular economy, as it supports the 
evaluation of alternative product designs and resource recovery strategies. For instance, LCA 
can be used to compare the environmental performance of recycling versus disposal or to 
assess the benefits of using recycled materials instead of virgin resources. 

Another important application of LCA in supply chains is eco-design, where environmental 
considerations are integrated into product development. By analysing the life cycle impact of 
different design options, companies can develop products that are more resource-efficient, 
easier to recycle, and less harmful to the environment. 

In addition, LCA supports strategic decision-making and policy development. Governments 
and organisations use LCA results to develop environmental regulations, sustainability 
standards, and labelling schemes. In business practice, LCA is often used to support ESG 
reporting and to demonstrate compliance with environmental requirements. 
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However, the application of LCA is associated with several challenges. One of the main issues 
is the availability and quality of data, particularly in complex, global supply chains. Data 
collection can be time-consuming and resource-intensive, and in many cases, companies 
must rely on secondary data or assumptions. 

Another challenge is the complexity of the methodology, which requires specialised 
knowledge and tools. Interpreting LCA results can be difficult, especially when different 
impact categories must be considered simultaneously. Trade-offs between different 
environmental objectives may require careful analysis and decision-making. 

Furthermore, the results of LCA can be influenced by methodological choices, such as system 
boundaries, allocation methods, or impact assessment models. This introduces a level of 
uncertainty that must be acknowledged and managed. 

Despite these limitations, LCA remains one of the most powerful tools for assessing 
environmental performance in supply chains. Its comprehensive and systematic approach 
provides valuable insights that cannot be obtained through simpler methods. 

In conclusion, Life Cycle Assessment is a key instrument for understanding and managing the 
environmental impact of supply chains. By providing a holistic view of product life cycles, it 
supports more sustainable design, production, and logistics decisions. As sustainability 
becomes an increasingly important priority in global supply chains, the application of LCA 
will continue to play a central role in driving environmental improvement and innovation. 

 

6.4. Sustainable finance and green logistics economics 

Sustainable finance and green logistics economics represent increasingly important 
dimensions of modern supply chain management, reflecting the growing need to align 
economic decision-making with environmental and social objectives. While traditional 
financial approaches focused primarily on cost efficiency and profitability, contemporary 
models incorporate sustainability criteria into investment decisions, operational planning, 
and performance evaluation. 

Sustainable finance can be broadly defined as the integration of environmental, social, and 
governance (ESG) factors into financial decision-making processes. In the context of supply 
chains, this means that investments in logistics infrastructure, technologies, and operations 
are evaluated not only in terms of financial returns but also in terms of their environmental 
and social impact. This shift reflects a broader transformation in global financial systems, 
where sustainability considerations are becoming central to risk assessment and value 
creation. 

One of the key drivers of sustainable finance is the recognition that environmental and social 
risks can have significant financial implications. For example, companies that fail to reduce 
emissions may face regulatory penalties, increased operational costs, or reputational 
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damage. Similarly, supply chain disruptions caused by climate change or resource scarcity 
can lead to financial losses. By integrating ESG factors into financial analysis, organisations 
can better anticipate such risks and make more resilient investment decisions. 

In supply chains, sustainable finance is closely linked to the concept of green investments, 
which are directed towards projects and technologies that contribute to environmental 
improvement. These may include: 

 low-emission transport systems (e.g. electric or alternative-fuel vehicles)  
 energy-efficient warehousing and logistics infrastructure  
 renewable energy installations  
 digital technologies that optimise resource use and reduce waste  

Such investments often require significant upfront costs, but they can generate long-term 
benefits in the form of reduced operational expenses, improved efficiency, and enhanced 
regulatory compliance. 

Another important aspect is the development of financial instruments that support 
sustainability, such as green bonds, sustainability-linked loans, and ESG-based investment 
funds. These instruments provide companies with access to capital under conditions that 
encourage the achievement of specific sustainability targets. For example, the interest rate 
on a sustainability-linked loan may depend on the company’s ability to reduce its carbon 
emissions or improve energy efficiency. 

From an economic perspective, green logistics involves the analysis of costs and benefits 
associated with environmentally friendly supply chain practices. While sustainable solutions 
may initially appear more expensive, a comprehensive economic analysis often reveals that 
they can lead to significant savings over time. For example, optimising transport routes 
reduces fuel consumption, while energy-efficient technologies lower operating costs in 
warehouses and production facilities. 

The concept of total cost of ownership (TCO) is particularly relevant in this context. TCO 
takes into account not only the initial purchase cost of an asset but also its operating, 
maintenance, and end-of-life costs. When applied to logistics and supply chain decisions, 
TCO often demonstrates that sustainable solutions are more cost-effective in the long term, 
even if their upfront costs are higher. 

In addition, green logistics economics must consider external costs, also known as 
externalities. These are costs that are not directly borne by the company but are imposed on 
society, such as air pollution, greenhouse gas emissions, noise, or traffic congestion. 
Traditional economic models often ignore these costs, leading to decisions that are 
financially efficient but environmentally harmful. Incorporating externalities into economic 
analysis provides a more accurate representation of the true cost of supply chain activities 
and supports more sustainable decision-making. 
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Sustainable finance also plays a key role in supporting the transition to a low-carbon 
economy, which is a central objective of many national and international policies. Supply 
chains are a major source of emissions, and their transformation requires substantial 
financial resources. Access to sustainable financing mechanisms enables companies to invest 
in cleaner technologies, redesign their operations, and meet increasingly stringent 
regulatory requirements. 

However, the implementation of sustainable finance in supply chains is associated with 
several challenges. One of the main issues is the difficulty of measuring and quantifying 
sustainability performance, particularly in complex, multi-tier supply chains. Without 
reliable data, it is difficult to assess the financial benefits of sustainability initiatives or to link 
them to specific performance indicators. 

Another challenge is the potential trade-off between short-term costs and long-term 
benefits. Companies operating under strong cost pressures may be reluctant to invest in 
sustainable solutions that require higher initial expenditures, even if they offer long-term 
advantages. This highlights the importance of adopting a long-term strategic perspective and 
aligning financial incentives with sustainability objectives. 

Furthermore, the integration of sustainability into financial decision-making requires 
changes in organisational culture, competencies, and management practices. Financial 
managers must develop an understanding of ESG factors, while operational managers must 
consider financial implications of sustainability initiatives. This requires cross-functional 
collaboration and the development of new analytical tools. 

Despite these challenges, sustainable finance and green logistics economics offer significant 
opportunities for innovation and competitive advantage. Companies that successfully 
integrate sustainability into their financial and economic models can improve efficiency, 
reduce risks, and enhance their market position. 

In conclusion, sustainable finance and green logistics economics are essential components of 
modern supply chain management. They provide the framework for aligning financial 
performance with environmental and social responsibility, enabling organisations to make 
more informed and sustainable decisions. As global sustainability challenges continue to 
intensify, the integration of ESG considerations into economic and financial processes will 
become increasingly important for achieving long-term success in supply chains. 

 

Review questions 

 What are environmental indicators and why are they important in sustainable supply 
chains?  

 What is a carbon footprint and how do Scope 1, Scope 2, and Scope 3 emissions 
differ?  

 What is Life Cycle Assessment (LCA) and how does it support sustainable decision-
making?  
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 How do data and measurement tools help companies improve environmental 
performance in supply chains?  

 What is sustainable finance and how does it influence logistics and supply chain 
decisions? 

 

 

Topic 7 - Application Areas of Sustainable (Green) Supply Chains 

7.1. Sustainable supply chains in production systems 

The application of sustainable supply chain principles in production systems represents one 
of the most critical areas for achieving environmental and economic improvements. 
Production processes are often among the most resource-intensive stages of the supply 
chain, involving significant consumption of energy, raw materials, and water, as well as 
generating emissions and waste. As a result, transforming production systems is essential for 
reducing the overall environmental footprint of supply chains. 

In traditional production models, the primary objective has been to maximise efficiency and 
minimise costs, often without fully considering environmental and social impacts. However, 
the transition towards sustainable supply chains requires a fundamental shift in how 
production processes are designed, managed, and evaluated. This involves integrating 
sustainability principles into all aspects of production, from product design to process 
optimisation and resource management. 

One of the key concepts in this area is sustainable or green manufacturing, which focuses 
on reducing the environmental impact of production activities while maintaining economic 
performance. This includes the adoption of cleaner production techniques, energy-efficient 
technologies, and environmentally friendly materials. For example, companies may invest in 
modern machinery that consumes less energy, implement waste reduction programmes, or 
switch to renewable energy sources. 

A particularly important approach within sustainable production systems is eco-design, 
which involves considering environmental aspects already at the product development 
stage. By designing products that require fewer materials, are easier to recycle, or have 
longer lifespans, companies can significantly reduce their environmental impact throughout 
the entire life cycle. Eco-design also supports circular economy principles by enabling reuse, 
remanufacturing, and recycling. 

Another crucial element is resource efficiency, which refers to the optimal use of materials, 
energy, and other resources in production processes. Improving resource efficiency not only 
reduces environmental impact but also leads to cost savings. Techniques such as process 
optimisation, waste minimisation, and material substitution play an important role in 
achieving these objectives. 
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In sustainable supply chains, production systems must also consider the issue of emissions 
reduction. This includes both direct emissions from manufacturing processes and indirect 
emissions associated with energy use. Companies can implement various strategies to 
reduce emissions, such as improving energy efficiency, adopting low-emission technologies, 
or transitioning to renewable energy sources. 

Furthermore, sustainable production systems increasingly rely on digital technologies and 
automation, which enable more precise control of processes and better resource 
management. Technologies such as sensors, data analytics, and artificial intelligence allow 
companies to monitor production in real time, identify inefficiencies, and optimise 
operations. This contributes not only to improved efficiency but also to reduced 
environmental impact. 

Another important dimension is the integration of production systems with the broader 
supply chain. Sustainable production cannot be achieved in isolation; it requires 
coordination with suppliers, logistics providers, and customers. For example, the use of 
sustainable materials depends on supplier practices, while product design decisions 
influence logistics and end-of-life processes. 

Social aspects are also an integral part of sustainable production systems. Companies must 
ensure safe working conditions, fair wages, and respect for labour rights. These issues are 
particularly relevant in global supply chains, where production is often outsourced to regions 
with different regulatory standards. 

Despite the benefits, the transition to sustainable production systems is associated with 
several challenges. These include high initial investment costs, technological barriers, and 
organisational resistance to change. Additionally, companies must balance environmental 
objectives with economic constraints and market competitiveness. 

However, the long-term advantages of sustainable production are significant. Companies 
that successfully implement sustainable practices can reduce costs, improve efficiency, 
enhance their reputation, and comply with regulatory requirements. They are also better 
prepared to respond to future challenges related to climate change, resource scarcity, and 
changing consumer expectations. 

In conclusion, the integration of sustainability into production systems is a key component of 
modern supply chain management. By adopting cleaner technologies, improving resource 
efficiency, and considering environmental and social impacts, companies can significantly 
reduce their overall footprint and contribute to the development of more sustainable supply 
chains. As global pressures for sustainability continue to increase, the transformation of 
production systems will remain a central priority for organisations seeking long-term 
success. 
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7.2. Sustainable supply chains in distribution and logistics 

Distribution and logistics represent one of the most visible and environmentally impactful 
areas of supply chain operations. They involve the physical movement and storage of goods, 
often across long distances and through complex networks of transport modes and logistics 
facilities. As such, they are major contributors to greenhouse gas emissions, energy 
consumption, air pollution, and congestion, particularly in urban areas. For this reason, the 
transformation of distribution and logistics systems is a central element of sustainable 
supply chain management. 

In traditional logistics models, the primary focus has been on minimising costs and ensuring 
timely delivery of goods. While these objectives remain important, sustainable logistics 
requires a broader perspective that incorporates environmental and social considerations 
into operational decision-making. This shift involves rethinking transport strategies, 
optimising logistics networks, and adopting cleaner technologies. 

One of the key challenges in distribution is the reduction of transport-related emissions, 
which account for a significant share of total supply chain emissions. Various strategies can 
be implemented to address this issue. These include: 

 optimisation of transport routes, reducing travel distance and fuel consumption  
 improving vehicle utilisation, for example by minimising empty runs and increasing 

load factors  
 modal shift, such as moving freight from road to rail or maritime transport, which 

generally have lower emissions per unit transported  
 use of alternative fuels and electric vehicles, which reduce or eliminate direct 

emissions  

Each of these strategies requires careful planning and coordination, as well as investments in 
infrastructure and technology. 

Warehousing and distribution centres also play a significant role in sustainable logistics. 
These facilities consume energy for lighting, heating, cooling, and equipment operation. 
Sustainable practices in warehousing include: 

 improving energy efficiency through modern building design and insulation  
 using renewable energy sources, such as solar panels  
 implementing automated systems that optimise storage and handling processes  
 reducing waste and improving packaging management  

Efficient warehouse management not only reduces environmental impact but also improves 
operational performance and cost efficiency. 

Another important aspect of sustainable distribution is the concept of network design and 
optimisation. The location and structure of distribution centres, transport routes, and 
delivery systems significantly influence both costs and environmental impact. For example, 
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decentralised distribution networks may reduce delivery distances to customers but increase 
the number of facilities and associated resource use. Therefore, companies must carefully 
balance efficiency and sustainability when designing logistics networks. 

The issue of last-mile delivery is particularly challenging in urban environments. The final 
stage of delivery, from distribution centre to customer, is often the most expensive and 
environmentally intensive part of the logistics process. It is associated with traffic 
congestion, noise, and air pollution. Sustainable solutions in this area include: 

 use of electric delivery vehicles or cargo bikes  
 implementation of urban consolidation centres, which reduce the number of 

delivery vehicles entering city centres  
 development of pickup points and parcel lockers, reducing the need for individual 

deliveries  
 optimisation of delivery routes using digital technologies  

These solutions aim to improve efficiency while minimising the negative impact on urban 
environments. 

Digitalisation plays a crucial role in enabling sustainable distribution and logistics. Advanced 
information systems and data analytics support real-time monitoring, route optimisation, 
and demand forecasting. This allows companies to reduce inefficiencies, respond to 
changing conditions, and improve overall performance. 

In addition to environmental aspects, sustainable logistics must also consider social impacts, 
such as working conditions for drivers and warehouse employees, road safety, and the 
impact of logistics activities on local communities. Ensuring fair labour practices and 
minimising negative externalities are essential components of responsible logistics 
management. 

Despite the availability of various solutions, implementing sustainable logistics practices 
involves several challenges. These include high investment costs, technological limitations, 
and the need for coordination between multiple stakeholders. Regulatory frameworks and 
infrastructure availability also play a significant role in shaping the feasibility of sustainable 
logistics initiatives. 

However, the benefits of sustainable distribution and logistics are substantial. Companies 
can reduce operational costs through improved efficiency, enhance their environmental 
performance, and strengthen their reputation among customers and stakeholders. 
Moreover, sustainable logistics contributes to broader societal goals, such as reducing 
emissions, improving air quality, and supporting urban sustainability. 

In conclusion, distribution and logistics are key areas where sustainable supply chain 
principles can be effectively applied. By optimising transport, improving warehouse 
efficiency, and adopting innovative solutions for last-mile delivery, companies can 
significantly reduce their environmental impact while maintaining high levels of service and 
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competitiveness. As global and urban challenges continue to evolve, sustainable logistics will 
remain a critical focus for both businesses and policymakers. 

 

7.3. Sustainable supply chains in urban logistics 

Urban logistics has become one of the most challenging and rapidly evolving areas of supply 
chain management, particularly in the context of sustainability. The increasing concentration 
of population in cities, the growth of e-commerce, and rising consumer expectations for fast 
and flexible delivery have significantly intensified logistics activities in urban areas. As a 
result, cities are facing serious challenges related to congestion, air pollution, noise, and 
pressure on infrastructure. 

Urban logistics refers to the planning, implementation, and management of the efficient 
flow of goods within urban areas, including deliveries to businesses and final customers. In 
sustainable supply chains, urban logistics must balance efficiency with environmental and 
social considerations, ensuring that the movement of goods does not negatively affect the 
quality of life in cities. 

One of the key issues in urban logistics is the high concentration of transport activities in 
densely populated areas. Delivery vehicles often operate in congested environments, 
leading to increased fuel consumption, emissions, and delays. This problem is further 
exacerbated by the growth of last-mile delivery services, particularly in the e-commerce 
sector, where individual deliveries to customers have become the norm. 

To address these challenges, various sustainable urban logistics solutions have been 
developed. One of the most important approaches is the use of low-emission or zero-
emission vehicles, such as electric vans, cargo bikes, and alternative-fuel vehicles. These 
solutions help reduce air pollution and greenhouse gas emissions, especially in city centres 
where environmental regulations are becoming stricter. 

Another key strategy is the development of urban consolidation centres (UCCs). These 
facilities are located at the outskirts of cities and serve as hubs where goods from different 
suppliers are consolidated before being delivered to final destinations. By combining 
deliveries, UCCs reduce the number of vehicles entering urban areas, which helps decrease 
congestion and emissions. 

The concept of micro-distribution hubs is also gaining importance. These smaller facilities 
are located closer to city centres and enable more flexible and efficient last-mile delivery. 
They often support the use of environmentally friendly transport modes, such as cargo bikes 
or electric vehicles, for short-distance deliveries. 

A significant role in sustainable urban logistics is played by digital technologies and smart 
city solutions. Advanced data analytics, real-time traffic monitoring, and intelligent transport 
systems allow for dynamic route optimisation and better coordination of logistics activities. 
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For example, delivery routes can be adjusted based on current traffic conditions, reducing 
travel time and emissions. 

Another important approach is the implementation of alternative delivery models, such as 
parcel lockers, pickup points, and crowdshipping. These solutions reduce the number of 
failed delivery attempts and consolidate customer demand, which improves efficiency and 
reduces environmental impact. Parcel lockers, in particular, have become increasingly 
popular as they allow multiple deliveries to be made at a single location. 

Urban logistics is also closely linked to urban planning and policy frameworks. Local 
authorities play a key role in shaping logistics systems through regulations and infrastructure 
development. Measures such as low-emission zones, restricted access areas, time windows 
for deliveries, and incentives for clean transport encourage the adoption of sustainable 
logistics practices. 

However, the implementation of sustainable urban logistics solutions is associated with 
several challenges. These include high investment costs, limited space in densely populated 
areas, and the need for coordination between multiple stakeholders, including logistics 
providers, city authorities, businesses, and residents. Additionally, balancing efficiency with 
environmental and social objectives often requires complex trade-offs. 

Social aspects are particularly important in urban logistics. Logistics activities directly affect 
the daily lives of city residents, influencing factors such as noise levels, traffic safety, and air 
quality. Therefore, sustainable urban logistics must consider not only operational efficiency 
but also the well-being of local communities. 

Despite these challenges, sustainable urban logistics offers significant opportunities for 
improving both supply chain performance and urban quality of life. By reducing emissions, 
optimising transport flows, and introducing innovative delivery solutions, cities can become 
more liveable and environmentally friendly. 

In conclusion, urban logistics is a critical area for the application of sustainable supply chain 
principles. It requires a combination of technological innovation, organisational change, and 
policy support to effectively address the challenges of modern urban environments. As 
urbanisation continues to increase globally, the development of sustainable urban logistics 
systems will become an essential component of future supply chain strategies. 

 

Review questions 

 How can sustainability be integrated into production systems within supply chains?  
 What are the main strategies for reducing environmental impact in distribution and 

logistics?  
 What challenges are associated with sustainable urban logistics?  
 What solutions can improve sustainability in last-mile delivery?  
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 Why is it important to consider both environmental and social aspects in logistics 
operations? 

 

Topic 8 - Sustainable Supply Chain in Reverse Logistics 

8.1. The role of reverse logistics in sustainable supply chains 

Reverse logistics is a critical component of sustainable supply chain management, focusing 
on the processes associated with the movement of products, materials, and resources from 
the point of consumption back to the point of origin or to other destinations for reuse, 
recycling, remanufacturing, or proper disposal. Unlike traditional (forward) logistics, which is 
concerned with the flow of goods from producers to consumers, reverse logistics operates in 
the opposite direction, closing the loop within supply chains. 

The growing importance of reverse logistics is closely linked to the concept of the circular 
economy, which aims to minimise waste and maximise the value of resources by keeping 
them in use for as long as possible. In this context, reverse logistics enables the recovery of 
value from products that have reached the end of their initial life cycle, transforming waste 
into a resource. 

In traditional linear supply chains, products are typically disposed of after use, following a 
“take–make–dispose” model. This approach leads to significant environmental problems, 
including resource depletion, waste accumulation, and pollution. Reverse logistics offers an 
alternative by introducing processes that extend product life cycles and reduce the need for 
virgin resources. 

Key activities within reverse logistics include: 

 product returns, where goods are sent back from customers to manufacturers or 
retailers  

 reuse, involving the direct use of returned products without significant modification  
 remanufacturing, where products are restored to a like-new condition  
 recycling, involving the processing of materials to create new products  
 waste management and disposal, ensuring environmentally responsible treatment 

of non-recoverable materials  

Each of these activities contributes to reducing environmental impact and improving 
resource efficiency. 

From a sustainability perspective, reverse logistics plays a crucial role in reducing waste and 
emissions. By recovering and reusing materials, companies can decrease the demand for 
raw material extraction and reduce energy consumption associated with production 
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processes. For example, recycling aluminium requires significantly less energy than 
producing it from raw ore, which results in lower greenhouse gas emissions. 

Reverse logistics also supports eco-design and product lifecycle management. When 
companies consider the return, reuse, or recycling of products during the design phase, they 
can create products that are easier to disassemble, repair, or recycle. This enhances the 
effectiveness of reverse logistics processes and contributes to overall sustainability. 

In addition to environmental benefits, reverse logistics can generate economic value. 
Recovered products and materials can be reintroduced into the supply chain, reducing 
production costs and creating new revenue streams. For example, remanufactured products 
can be sold at lower prices while maintaining acceptable quality, appealing to cost-sensitive 
customers. 

However, reverse logistics is often more complex and less predictable than forward logistics. 
One of the main challenges is the uncertainty of return flows, including the quantity, 
quality, and timing of returned products. This makes planning and resource allocation more 
difficult compared to traditional logistics processes. 

Another challenge is the need for specialised infrastructure and processes. Reverse logistics 
requires facilities for collection, sorting, inspection, and processing of returned goods. It also 
involves additional transport and handling activities, which can increase costs if not properly 
managed. 

Furthermore, reverse logistics depends heavily on consumer behaviour and participation. 
The effectiveness of product return and recycling systems relies on customers’ willingness to 
return used products and follow appropriate disposal practices. This highlights the 
importance of awareness campaigns, incentives, and convenient return systems. 

Regulatory frameworks also play a significant role in shaping reverse logistics systems. In 
many regions, governments have introduced regulations that require companies to take 
responsibility for the end-of-life management of their products. These policies, often 
referred to as extended producer responsibility (EPR), encourage the development of 
reverse logistics systems and promote more sustainable product design. 

Technological advancements are increasingly supporting reverse logistics processes. Digital 
tools enable better tracking of returned products, while automation and advanced sorting 
technologies improve the efficiency of recycling and remanufacturing operations. These 
innovations help reduce costs and enhance the scalability of reverse logistics systems. 

Despite the challenges, reverse logistics is becoming an essential element of sustainable 
supply chains. It not only contributes to environmental protection but also supports 
economic efficiency and regulatory compliance. Companies that effectively implement 
reverse logistics can gain a competitive advantage by reducing costs, improving resource 
efficiency, and enhancing their sustainability performance. 
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In conclusion, reverse logistics plays a vital role in transforming traditional linear supply 
chains into circular and sustainable systems. By enabling the recovery and reuse of products 
and materials, it reduces environmental impact, supports resource efficiency, and creates 
new economic opportunities. As global sustainability challenges intensify, the importance of 
reverse logistics will continue to grow, making it a key area of focus for both businesses and 
policymakers. 

 

8.2. Models and strategies of reverse logistics 

The effective implementation of reverse logistics in sustainable supply chains requires the 
adoption of appropriate models and strategies that address the complexity and variability of 
reverse flows. Unlike forward logistics, which is relatively predictable and structured, reverse 
logistics involves uncertain product returns, varying product conditions, and multiple 
recovery options. As a result, companies must develop flexible and well-designed systems to 
manage these processes efficiently. 

One of the fundamental approaches to reverse logistics is the closed-loop supply chain 
model, in which forward and reverse flows are integrated into a single system. In this model, 
products are designed, distributed, collected, and processed in a way that allows materials 
and components to be reintegrated into the production cycle. Closed-loop systems are 
closely aligned with circular economy principles, as they aim to minimise waste and 
maximise resource utilisation. 

Within reverse logistics, different recovery strategies can be applied depending on the 
condition of returned products and the economic and environmental objectives of the 
organisation. One of the simplest strategies is reuse, where products are used again without 
significant modification. This approach is particularly effective for durable goods, packaging 
materials, and returnable containers. 

Another important strategy is repair and refurbishment, which involves restoring products 
to a functional condition. This extends the product lifecycle and reduces the need for new 
production. In more advanced cases, companies may implement remanufacturing, where 
products are disassembled, inspected, and rebuilt to meet quality standards comparable to 
new products. Remanufacturing is widely used in industries such as automotive, electronics, 
and machinery. 

Recycling is another key strategy, focusing on the recovery of materials rather than entire 
products. In this process, products are broken down into raw materials, which are then used 
to produce new items. While recycling reduces the need for virgin resources, it may require 
significant energy and processing, depending on the material. 

In cases where recovery is not feasible, energy recovery or responsible disposal may be 
used as a last resort. These options aim to minimise environmental harm when products 
cannot be reused or recycled. 
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Selecting the appropriate reverse logistics strategy requires a careful evaluation of multiple 
factors, including: 

 product characteristics and durability  
 economic viability of recovery processes  
 environmental impact of different options  
 regulatory requirements  
 customer expectations  

In practice, companies often apply a combination of strategies to optimise both 
environmental and economic outcomes. 

An important aspect of reverse logistics models is the design of collection and return 
systems. Efficient collection is essential for ensuring that used products are returned in 
sufficient quantity and quality. Companies may implement various mechanisms, such as: 

 take-back programmes  
 deposit-refund systems  
 collection points or return centres  
 partnerships with third-party logistics providers  

The effectiveness of these systems depends on convenience for customers, cost efficiency, 
and the ability to handle returned goods efficiently. 

Another key consideration is the integration of reverse logistics with forward logistics 
operations. Integrating both flows can reduce costs and improve efficiency, for example by 
using the same transport networks for deliveries and returns. However, this requires careful 
planning and coordination, as reverse flows often have different characteristics and 
requirements. 

Digital technologies play an increasingly important role in supporting reverse logistics 
strategies. Advanced tracking systems, data analytics, and automation enable better 
forecasting of return flows, improved sorting and processing, and more efficient resource 
allocation. These technologies help address some of the inherent uncertainties associated 
with reverse logistics. 

Despite its benefits, reverse logistics remains challenging to implement at scale. Barriers 
include high operational costs, complexity of processes, and limited infrastructure in some 
regions. Additionally, companies must overcome organisational resistance and align reverse 
logistics strategies with broader business objectives. 

Nevertheless, effective reverse logistics strategies offer significant advantages. They support 
sustainability by reducing waste and conserving resources, enhance compliance with 
environmental regulations, and create new business opportunities through the recovery of 
value from returned products. 
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In conclusion, models and strategies of reverse logistics are essential for the successful 
implementation of sustainable supply chains. By selecting appropriate recovery options, 
designing efficient return systems, and integrating reverse flows into overall supply chain 
operations, companies can transform waste into value and contribute to the development of 
circular and sustainable economic systems. 

 

Review questions 

 What is reverse logistics and how does it differ from forward logistics?  
 How does reverse logistics support the concept of the circular economy?  
 What are the main recovery strategies used in reverse logistics?  
 What challenges are associated with managing reverse logistics processes?  
 How can reverse logistics create both environmental and economic value? 

 

 

Topic 9 - Environmental Needs and Green Transport vs. Sustainable 

Supply Chain 

9.1. Environmental challenges and the need for green transport in supply 
chains 

The growing environmental challenges faced by modern economies have significantly 
increased the importance of transforming transport systems within supply chains. Transport 
is a fundamental component of supply chain operations, enabling the movement of goods 
between suppliers, manufacturers, distribution centres, and final customers. However, it is 
also one of the largest sources of environmental impact, particularly in terms of greenhouse 
gas emissions, air pollution, and energy consumption. 

Globally, the transport sector is responsible for a substantial share of carbon dioxide 
emissions, with road transport being the dominant contributor. Freight transport, in 
particular, plays a key role in supply chains and is closely linked to economic growth and 
global trade. As demand for goods increases, so does the volume of transport activities, 
leading to higher emissions and environmental pressure. 

One of the most pressing environmental challenges associated with transport is climate 
change. Greenhouse gas emissions from vehicles contribute directly to global warming, 
making transport a critical area for decarbonisation efforts. In addition to CO₂ emissions, 
transport activities generate other pollutants, such as nitrogen oxides (NOx) and particulate 
matter, which negatively affect air quality and public health, especially in urban areas. 
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Another important issue is energy consumption and dependence on fossil fuels. Traditional 
transport systems rely heavily on petroleum-based fuels, which are not only a major source 
of emissions but also subject to price volatility and geopolitical risks. Reducing dependence 
on fossil fuels is therefore both an environmental and economic priority. 

Transport activities also contribute to noise pollution, congestion, and infrastructure strain, 
particularly in densely populated areas. These factors have significant social impacts, 
affecting the quality of life of local communities and increasing the need for more 
sustainable and efficient transport solutions. 

In response to these challenges, the concept of green transport has emerged as a key 
element of sustainable supply chains. Green transport refers to the use of environmentally 
friendly transport modes, technologies, and practices that minimise negative environmental 
impact while maintaining efficiency and reliability. 

One of the primary approaches to green transport is the reduction of emissions through 
technological innovation. This includes the development and adoption of low-emission and 
zero-emission vehicles, such as electric trucks, hydrogen-powered vehicles, and alternative-
fuel technologies. These solutions aim to reduce or eliminate direct emissions from 
transport operations. 

Another important strategy is the optimisation of transport systems and logistics processes. 
By improving route planning, increasing vehicle utilisation, and reducing empty runs, 
companies can significantly lower fuel consumption and emissions. Digital technologies, such 
as real-time data analytics and intelligent transport systems, play a crucial role in enabling 
these optimisations. 

The concept of modal shift is also central to green transport strategies. This involves shifting 
freight from more carbon-intensive modes, such as road transport, to more sustainable 
alternatives, such as rail or maritime transport. While this approach can significantly reduce 
emissions, it requires appropriate infrastructure and coordination between different 
transport modes. 

In addition, green transport includes the development of intermodal and multimodal 
transport systems, which combine different modes of transport to achieve greater efficiency 
and sustainability. These systems allow goods to be transported using the most appropriate 
mode for each segment of the journey, reducing overall environmental impact. 

From a supply chain perspective, the implementation of green transport requires a systemic 
approach, involving coordination between multiple actors, including manufacturers, logistics 
providers, infrastructure operators, and policymakers. Transport decisions must be aligned 
with broader supply chain strategies and sustainability objectives. 

Regulatory frameworks play a significant role in driving the transition towards green 
transport. Governments and international organisations are introducing policies aimed at 
reducing emissions, improving air quality, and promoting sustainable mobility. These include 
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emission standards, carbon pricing mechanisms, and incentives for the adoption of clean 
technologies. 

However, the transition to green transport is associated with several challenges. These 
include high investment costs for new technologies, limited infrastructure for alternative 
fuels, and the need for behavioural and organisational change. Companies must also balance 
environmental objectives with economic constraints and service requirements. 

Despite these challenges, the shift towards green transport offers significant benefits. It 
contributes to reducing environmental impact, improving public health, and enhancing the 
resilience of supply chains. Moreover, companies that adopt sustainable transport solutions 
can strengthen their competitive position and meet growing stakeholder expectations. 

In conclusion, environmental challenges and the need for green transport are central issues 
in modern supply chain management. Addressing these challenges requires a combination of 
technological innovation, process optimisation, and policy support. As global sustainability 
pressures continue to increase, the transformation of transport systems will remain a key 
priority for achieving sustainable and efficient supply chains. 

 

9.2. The European Green Deal in transport 

The European Green Deal represents one of the most ambitious policy frameworks aimed at 
transforming the European economy into a climate-neutral system by 2050. Within this 
strategy, the transport sector plays a central role, as it is responsible for a significant share of 
greenhouse gas emissions in the European Union. The transformation of transport systems is 
therefore essential for achieving the overall objectives of climate neutrality, environmental 
protection, and sustainable economic growth. 

The European Green Deal recognises that transport emissions must be significantly reduced, 
as they have continued to grow in recent decades despite improvements in technology and 
efficiency. To address this challenge, the European Union has introduced a comprehensive 
set of policies and initiatives aimed at decarbonising transport and promoting sustainable 
mobility. 

One of the key components supporting this transformation is the Fit for 55 package, which 
sets a target of reducing greenhouse gas emissions by at least 55% by 2030 compared to 
1990 levels. This package includes a wide range of legislative measures affecting the 
transport sector, such as stricter emission standards, carbon pricing mechanisms, and 
incentives for the adoption of low-emission technologies. 

A central objective of EU transport policy is the decarbonisation of road transport, which is 
currently the largest source of emissions in the sector. This involves promoting the transition 
to electric vehicles, alternative fuels, and energy-efficient technologies. The EU has 
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introduced regulations that set limits on CO₂ emissions from vehicles and encourage 
manufacturers to develop cleaner transport solutions. 

At the same time, the European Green Deal emphasises the importance of modal shift, 
encouraging the movement of freight and passengers from road transport to more 
sustainable modes, such as rail and inland waterways. Rail transport, in particular, is 
considered a key element of sustainable mobility due to its lower environmental impact. 
Investments in rail infrastructure and the development of intermodal transport systems are 
therefore a priority. 

Another important aspect is the development of alternative fuel infrastructure, which is 
necessary to support the widespread adoption of low-emission vehicles. This includes 
charging stations for electric vehicles, hydrogen refuelling stations, and infrastructure for 
other alternative energy sources. Without adequate infrastructure, the transition to green 
transport technologies would be difficult to achieve. 

The European Green Deal also addresses the issue of urban mobility, recognising that cities 
are major centres of transport activity and environmental impact. Policies promoting 
sustainable urban transport include the development of low-emission zones, support for 
public transport systems, and the promotion of active mobility solutions such as cycling and 
walking. 

From a supply chain perspective, the implementation of the European Green Deal has 
significant implications. Companies operating within the EU must adapt their logistics and 
transport strategies to comply with new regulations and meet sustainability targets. This 
includes reducing emissions, improving energy efficiency, and increasing transparency in 
reporting environmental performance. 

The European Green Deal also promotes the integration of digital technologies in transport 
systems. Digitalisation supports more efficient use of resources, better coordination of 
logistics operations, and improved monitoring of environmental performance. Intelligent 
transport systems, real-time data analytics, and automation are key tools in achieving these 
objectives. 

However, the transition towards sustainable transport within the framework of the 
European Green Deal is associated with several challenges. These include high investment 
costs, technological barriers, and the need for coordination between different stakeholders 
and countries. Additionally, there is a need to ensure that the transition is socially inclusive 
and does not disproportionately affect certain groups or regions. 

Despite these challenges, the European Green Deal provides a clear and comprehensive 
roadmap for the transformation of the transport sector. It creates a regulatory and 
economic environment that encourages innovation, investment, and collaboration in the 
development of sustainable transport solutions. 
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In conclusion, the European Green Deal plays a crucial role in shaping the future of transport 
in Europe and beyond. By promoting decarbonisation, supporting technological innovation, 
and encouraging systemic change, it drives the transformation of supply chains towards 
more sustainable and resilient models. For companies operating in global supply chains, 
understanding and adapting to these policy frameworks is essential for long-term 
competitiveness and compliance. 

 

9.3. Transport decarbonisation and new technologies in supply chains 

Transport decarbonisation has become one of the most critical priorities in the transition 
towards sustainable supply chains, as the transport sector remains a major contributor to 
greenhouse gas emissions globally. Achieving significant emission reductions requires not 
only improvements in operational efficiency but also the adoption of innovative 
technologies that fundamentally transform how goods are transported. In this context, new 
technologies are playing a key role in reshaping transport systems and enabling the 
transition to low- and zero-emission supply chains. 

One of the most important technological developments in this area is the rapid growth of 
electric mobility. Electric vehicles (EVs), including electric vans and trucks, offer the potential 
to significantly reduce or eliminate direct emissions from road transport. When powered by 
renewable energy sources, electric transport can contribute to near-zero emissions across 
the operational phase. In logistics, electric vehicles are particularly well-suited for urban 
distribution and last-mile delivery, where shorter distances and predictable routes make 
their implementation more feasible. 

Another promising technology is the use of hydrogen-powered vehicles, especially for long-
distance and heavy-duty transport. Hydrogen fuel cells generate electricity through a 
chemical reaction, producing only water as a by-product. This makes hydrogen an attractive 
option for decarbonising segments of transport where battery-electric solutions may face 
limitations, such as long-haul freight transport. However, the development of hydrogen 
infrastructure and the production of green hydrogen remain key challenges. 

In addition to alternative propulsion technologies, advanced biofuels and synthetic fuels are 
being explored as transitional solutions. These fuels can be used in existing internal 
combustion engines with relatively minor modifications, making them a practical option for 
reducing emissions in the short to medium term. However, their sustainability depends on 
factors such as feedstock availability and production methods. 

Digitalisation and automation are also transforming transport systems. Technologies such as 
artificial intelligence (AI), machine learning, and big data analytics enable more efficient 
planning and execution of logistics operations. For example, AI-based systems can optimise 
transport routes in real time, taking into account traffic conditions, weather, and energy 
consumption. This leads to reduced fuel use, lower emissions, and improved delivery 
performance. 
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Another important innovation is the development of autonomous vehicles, which have the 
potential to improve efficiency and safety in transport operations. Autonomous systems can 
optimise driving patterns, reduce human error, and enable continuous operation without 
the limitations of driver working hours. While fully autonomous transport systems are still in 
development, their future application could significantly reshape supply chain logistics. 

The concept of smart and connected transport systems is also gaining importance. Through 
the use of sensors, Internet of Things (IoT) technologies, and communication networks, 
vehicles and infrastructure can exchange information in real time. This enables better 
coordination of traffic flows, reduces congestion, and improves overall system efficiency. 

Intermodal and multimodal transport systems are further enhanced by technological 
innovation. Digital platforms allow for seamless integration of different transport modes, 
enabling companies to select the most efficient and sustainable options for each segment of 
the journey. This supports the broader goal of reducing reliance on high-emission transport 
modes. 

From a supply chain perspective, the adoption of new transport technologies requires 
significant changes in infrastructure, investment strategies, and organisational practices. 
Companies must adapt their logistics networks, invest in new equipment, and develop new 
competencies. Collaboration with technology providers, infrastructure operators, and 
policymakers is essential for successful implementation. 

However, the transition to low-emission transport technologies is associated with several 
challenges. These include high initial investment costs, limited infrastructure for alternative 
fuels, and technological uncertainties. Additionally, the environmental benefits of new 
technologies depend on the energy sources used; for example, electric vehicles are only fully 
sustainable when powered by renewable energy. 

Another important consideration is the lifecycle impact of new technologies. The 
production of batteries, hydrogen, and other advanced components involves resource use 
and environmental impacts that must be taken into account. This highlights the importance 
of adopting a holistic perspective when evaluating technological solutions. 

Despite these challenges, transport decarbonisation offers significant opportunities for 
improving supply chain sustainability and resilience. Companies that adopt innovative 
technologies can reduce emissions, improve efficiency, and strengthen their competitive 
position. Moreover, technological innovation supports compliance with regulatory 
requirements and aligns supply chain operations with global climate goals. 

In conclusion, transport decarbonisation and new technologies are key drivers of 
transformation in modern supply chains. By integrating innovative solutions such as electric 
and hydrogen vehicles, digital systems, and automation, organisations can significantly 
reduce their environmental impact and enhance operational performance. As technological 
development continues to accelerate, the role of innovation in shaping sustainable transport 
systems will become increasingly important. 
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Review questions 

 What are the main environmental challenges associated with transport in supply 
chains?  

 What is green transport and what strategies are used to reduce its environmental 
impact?  

 What are the main objectives of the European Green Deal in the transport sector? 
 What is transport decarbonisation and why is it important for sustainable supply 

chains?  
 What role do new technologies play in reducing emissions in transport and logistics? 

 
 

Topic 10 - Trends in Sustainable (Green) Supply Chains 

10.1. Global trends in sustainable supply chains 

Sustainable supply chains are undergoing rapid transformation driven by a combination of 
environmental pressures, technological advancements, regulatory changes, and evolving 
stakeholder expectations. These trends are reshaping the way organisations design, manage, 
and evaluate their supply chains, moving from traditional efficiency-focused models towards 
more integrated, resilient, and sustainability-oriented systems. 

One of the most significant global trends is the growing emphasis on decarbonisation and 
climate neutrality. Companies across industries are committing to reducing their 
greenhouse gas emissions and aligning their operations with international climate goals. This 
includes setting science-based targets, investing in low-emission technologies, and 
redesigning supply chain processes to minimise carbon footprints. Decarbonisation is no 
longer a voluntary initiative but an essential requirement driven by regulations, market 
expectations, and competitive pressures. 

Another important trend is the transition towards a circular economy, which aims to reduce 
waste and maximise the use of resources by keeping materials in circulation for as long as 
possible. This trend is closely linked to the development of reverse logistics systems, eco-
design, and new business models such as product-as-a-service. Circular supply chains focus 
on reuse, recycling, remanufacturing, and resource recovery, reducing dependence on virgin 
materials and lowering environmental impact. 

The increasing role of digitalisation and Industry 4.0 technologies is also transforming 
sustainable supply chains. Technologies such as artificial intelligence, big data analytics, 
blockchain, and the Internet of Things enable better monitoring, optimisation, and 
transparency of supply chain operations. These tools support data-driven decision-making, 
improve efficiency, and facilitate the measurement and reporting of sustainability 
performance. 
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Another key trend is the growing importance of transparency and traceability. Stakeholders, 
including customers, investors, and regulators, are demanding greater visibility into supply 
chain operations. Companies are expected to disclose information about the origin of 
materials, production conditions, and environmental impact. This has led to the 
development of traceability systems and sustainability reporting frameworks that enhance 
accountability and trust. 

The concept of resilient supply chains has gained particular attention in recent years, 
especially in response to global disruptions such as pandemics, geopolitical tensions, and 
climate-related events. Resilience refers to the ability of supply chains to anticipate, adapt 
to, and recover from disruptions. Sustainable supply chains are often more resilient, as they 
rely on diversified sourcing, efficient resource use, and strong stakeholder relationships. 

Another emerging trend is the integration of ESG (Environmental, Social, Governance) 
criteria into supply chain management. ESG considerations are increasingly influencing 
business strategies, investment decisions, and performance evaluation. Companies are 
expected to ensure ethical practices, fair labour conditions, and responsible environmental 
management across their entire supply chains. 

The role of consumer awareness and demand is also becoming more significant. Customers 
are increasingly interested in sustainable products and expect companies to act responsibly. 
This shift in consumer behaviour is driving organisations to adopt greener practices, improve 
transparency, and communicate their sustainability efforts more effectively. 

Additionally, there is a growing focus on localisation and regionalisation of supply chains. 
While globalisation has led to highly interconnected supply networks, recent disruptions 
have highlighted the risks associated with long and complex supply chains. As a result, 
companies are exploring shorter, more localised supply chains that can reduce transport 
emissions, improve resilience, and support local economies. 

The development of sustainable transport and logistics systems is another key trend. This 
includes the adoption of low-emission vehicles, optimisation of logistics networks, and the 
implementation of innovative delivery solutions, particularly in urban areas. These changes 
are closely linked to broader environmental policies and technological advancements. 

Despite these positive developments, the transition towards sustainable supply chains is not 
without challenges. Companies must balance environmental and social objectives with 
economic constraints, manage complex global networks, and adapt to evolving regulatory 
frameworks. Additionally, the implementation of new technologies and business models 
requires significant investment and organisational change. 

In conclusion, global trends in sustainable supply chains reflect a fundamental 
transformation in how supply chains are perceived and managed. The shift towards 
decarbonisation, circularity, digitalisation, and transparency is redefining the role of supply 
chains in the global economy. Organisations that successfully adapt to these trends will be 
better positioned to achieve long-term sustainability, resilience, and competitive advantage. 
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Review questions 

 What are the key drivers behind the transformation of modern supply chains towards 
sustainability?  

 How do circular economy principles influence supply chain design and operations?  
 In what ways does digitalisation support transparency and efficiency in supply 

chains?  
 Why is supply chain resilience becoming increasingly important in a global context? 
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