
 

Dipartimento di Scienze Economiche e Aziendali 

Corso di Laurea magistrale in International 

Business and Entrepreneurship 

 

 

Industry 4.0’s Sustainable Impact on Global Supply Chains 

 

 

 

Relatore: 

Prof. Veglio Valerio  

 

 
Tesi di Laurea di  

Mumin Shahroze Shangloo  

Matr. n. 499897  

 

  

Anno Accademico 2023-2024 



   
 

 
 

2 

INTRODUCTION .................................................................................................. 4 

CHAPTER ONE .................................................................................................... 7 

Foundations of Sustainable Global Supply Chains in the Era of Industry 4.0 ........... 7 

1.1 Introduction to Supply Chain .......................................................................... 7 

1.2 Evolution of Supply Chain ................................................................................... 10 

1.3 Global Supply Chain and Sustainability ........................................................ 12 

1.3.1 Economic Sustainability ................................................................................... 12 

1.3.2 Social Sustainability ........................................................................................ 12 

1.3.3 Environmental Sustainability ............................................................................ 13 

1.4 Industry 4.0 concept .................................................................................... 15 

1.4.1 Industry 4.0 technologies and their impact on global supply chains..................... 16 

1.4.2 Focus on Internet of Things (IoT) ........................................................................ 17 

1.4.3 Focus on Blockchain ........................................................................................ 18 

1.4.4 Focus on Robotics/Automation ......................................................................... 20 

1.4.5 Focus on Big Data Analytics .............................................................................. 22 

1.4.6 Focus on Artificial Intelligence .......................................................................... 24 

1.4.7 Focus on Digital Twins ...................................................................................... 26 

CHAPTER TWO .................................................................................................. 28 

Relationship between Digital Technologies, Supply Chain, and Sustainable 
Business Models ............................................................................................... 28 

2.1 Primary Aspects that Constitute a Sustainable Business Models ........................... 29 

2.2 Exploring the Synergies among Digital Technologies, Supply Chains and Business 
Models to attain Sustainability ................................................................................. 30 

2.3 Key Performance Indicators for Measuring Sustainability of Supply Chains & 
Business Models ..................................................................................................... 33 

2.4 Categories of KPIs for Measuring the Sustainability of Business Models ................. 35 

2.5 Theoretical Frameworks for measuring sustainability of business models and supply 
chains ..................................................................................................................... 39 

2.6 Practical Challenges in Measuring the Performance of Sustainable Business Models 
Using Frameworks ................................................................................................... 43 

2.7 An outlook on how leading companies have customized solutions for addressing and 
overcoming the challenges of using theoretical frameworks ....................................... 46 

2.8 Challenges faced by companies for achieving a sustainable synergy among Digital 
Technologies, Supply Chains & Business Models ....................................................... 48 



   
 

 
 

3 

CHAPTER THREE ............................................................................................... 51 

Research and Sampling Methodologies .............................................................. 51 

3.1 Research Methodology ....................................................................................... 51 

3.2 Sample Selection ............................................................................................... 52 

3.3 Scope of the Research ........................................................................................ 54 

3.4 Structure of Analysis .......................................................................................... 54 

CHAPTER FOUR ................................................................................................. 56 

Illustrative Examples of Supply Chains and Sustainable Business Models using 
Digital Technologies .......................................................................................... 56 

4.1 Illustrative Example 1: General Electric’s Digital Transformation and Sustainability 
Journey ................................................................................................................... 57 

4.2 Illustrative Example 2: Unilever’s Digital Transformation and Sustainability Journey 64 

4.3 Illustrative Example 3: Patagonia’s Digital Transformation and Sustainability Journey
............................................................................................................................... 72 

4.4 Illustrative Example 4: Walmart vs Toys “R” Us Digital Transformation and 
Sustainability Journey .............................................................................................. 78 

4.5 Analysis and Insights of the Findings .................................................................... 85 

CONCLUSIONS ................................................................................................. 93 

BIBLIOGRAPHY ................................................................................................. 97 
 

 

 

 

 

 

 

 

 

 

 



   
 

 
 

4 

INTRODUCTION 

 

The biggest challenge society is facing today is the degradation of our environment, which 

presents complexities and obstacles unlike any seen before in history. Our lifestyles, industrial 

practices, consumption patterns, population growth and urban development have led to 

resource scarcity, pollution, loss of biodiversity and global warming. These issues also give 

rise to concerns such, as the sustainability of our economic system increasing inequalities, 

social crises and ultimately endangering our survival. Urgent and effective solutions are crucial 

to prevent consequences. The concept of development has emerged as a response to these 

challenges with a focus on limiting impacts and addressing long term effects. To tackle these 

issues effectively society at large must recognize the urgency of the situation – individuals, 

government bodies and especially businesses all have a role to play. Over the years, the 

industries have significantly evolved a lot, but unfortunately these changes have often harmed 

the environment. In today’s fast paced era the industrial sector is poised for significant 

transformation, due to the constant evolution of new technologies. The rise of these 

technologies has paved the way for Industry 4.0 marking a shift in how businesses operate and 

produce goods. Amidst this landscape industries are not only tasked with adapting to change 

but also integrating sustainable practices into their core strategies. The mounting pressure from 

stakeholders, changing consumer demands and prevailing macroeconomic trends necessitate 

an embrace of sustainability to ensure long term viability in business operations. Supply chain 

serves as a network encompassing individual’s organizations, resources and processes involved 

in manufacturing and distributing products or services. Given the array of activities and 

resources intertwined within supply chains they play a vital role in resource consumption and 

energy usage. Consequently, they also bear responsibility for emissions and environmental 

impacts. Embracing supply chain management becomes imperative for companies committed 

to advancing sustainability initiatives. 

As companies increasingly integrate Industry 4.0 technologies into their supply chains this 

thesis seeks to explore how these advancements can contribute to a sustainable approach, 

within the supply chain. The initial step involved conducting a review of existing literature to 

gain insights into the development of Industry 4.0 and sustainability concepts. Subsequently 

the focus shifts towards identifying the advantages that various technologies like Internet of 

things (IoT), Blockchain, RFID, Big Data Analytics, Digital Twins, and advanced robotics 

could offer to supply chain operations. These advancements are seen as key in making supply 
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chains more agile, transparent and responsive. Drawing from scientific research findings, a 

critical and personalized analysis will be conducted to address the research inquiry. 

Despite the previous research and attention given to Industry 4.0, for its potential to 

revolutionize supply chain operations, there is a gap in research regarding the sustainable 

effects of Industry 4.0 on supply chains (Bag et al., 2018; Nižetic et al., 2019). While existing 

studies have extensively delved into the advantages of Industry 4.0 in streamlining supply chain 

efficiency enhancing production processes and boosting performance, most focus has been on 

technological and economic aspects overlooking environmental and social considerations. The 

aim of this thesis is to understand the incorporation of Industry 4.0 technologies into supply 

chains and analyse their environmental impact, social consequences and ethical issues that are 

crucial for ensuring the sustainability of supply chains in the run. 

To fill this gap, the following research questions guide the study: 

1. What is the impact of Industry 4.0 technologies on enhancing the sustainability of firms 

within global supply chains? 

2. How do Industry 4.0 technologies influence business models in terms of economic, social, 

and environmental dimensions? 

These research questions aim to address this gap by exploring the facets of Industry 4.0 within 

supply chains with a focus on environmental impact, social responsibility, and circular 

economy principles. The study will assess the status of Industry 4.0 adoption in supply chain, 

identify challenges and opportunities for growth and propose a framework, for integrating 

Industry 4.0 technologies into supply chains in a manner that supports environmental 

conservation, social well-being, and economic sustainability.  

This thesis makes contributions to both academic discussion and practical management by 

exploring the intricate connection between Industry 4.0 and sustainability, in global supply 

chains. It provides an understanding of emerging trends, challenges and opportunities that 

impact supply chain management. Additionally, by offering strategies and recommendations 

the thesis aims to help organizations embrace practices enhance environmental responsibility 

and gain a competitive advantage in today’s ever-changing business landscape. 

The thesis is divided into three parts. The first chapter lays the groundwork by introducing in 

detail the industry 4.0 technologies and exploring how they are being integrated with 

sustainability practices in the context of supply chains based on a thorough review of existing 
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literature. The second chapter builds upon this foundation going deeper into defining a 

sustainable business model and analysing the inter relationship among digital technologies, 

supply chains and sustainable business models. Finally, the third chapter explores these inter 

relationships and aims to answer the research questions through illustrative real-world 

examples by employing research methods, empirical findings and managerial implications 

derived from the study. 

Through a rigorous and systematic analysis, the goal of the thesis is to illuminate how Industry 

4.0 impacts sustainability in supply chains. By combining knowledge with real world 

applications, it aims to guide decision making, inspire innovation and spark sustainable 

transformations, across various sectors of the global economy. The findings from the study 

have the potential to serve as a guide for businesses trying to incorporate sustainability into 

their business models and simultaneously address the environmental, social and economical 

impacts of their operations. 
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CHAPTER ONE 

Foundations of Sustainable Global Supply Chains in the Era of Industry 4.0 

 

1.1 Introduction to Supply Chain 

 

The concept of supply chain (SCM) is relatively new. It has undergone subsequent changes 

over time resulting in various interpretations. The progression towards SCM can be described 

as follows. Prior to the 1960s there was a division of tasks and activities across departments 

within companies leading to sub-optimal outcomes in terms of costs, cash flow and customer 

service (refer to Figure 1). For example, the concept of balancing the expenses related to 

warehousing and transportation was not usually taken into account during that period. 

Subsequently the notion of logistics. was primarily explained within a military context. 

Logistics encompassed the "acquisition, transportation and maintenance of military resources, 

equipment and personnel."(Ballou, 2007). In 1964 the concept of "business logistics" was 

introduced by Heskett et al. encompassing all activities related to supply and material 

management. At that time companies could incur costs, up to 32% of their sales on logistics 

and physical distribution (LaLonde & Zinger 1976). This prompted researchers and businesses 

to recognize the potential for cost reduction by improving management in these areas. Scholars 

focused on two aspects; coordination of company activities (Ballou, 2007; Heskett et al., 1964) 

and relationships with external entities and stakeholders (Stevens, 1998; Beamon, 1999; 

Lambert & Cooper 2000). Over time companies transitioned from logistics to supply chain 

management through a series of stages, moving from activities towards functional integration 

to achieve logistics efficiency. This evolution led to the integration of logistics with 

information services, marketing, and strategic planning, in the 2000s to form Supply Chain 

Management (SCM) (Ballou, 2007). 
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                         Figure 1. Evolution of SCM. Source: Ballou, 2007 

 

Previous research has outlined interpretations of Supply Chain Management (SCM) based on 

differing philosophies and perspectives (Mentzer, 2001). The Council of SCM Professionals 

(CSCMP) has defined SCM as the coordination of sourcing, procurement, conversion, and 

logistics management activities. It emphasises the importance of collaborating with channel 

partners, like suppliers, intermediaries, third party service providers and customers. Essentially 

SCM integrates supply and demand management both within companies and across their 

networks. According to this definition SCM can be characterised by three dimensions; 

managing activities and processes that encompass logistics operations; fostering coordination 

within a company; promoting collaboration among different companies in the supply chain 

(Ballou, 2007). This interconnectedness of different entities in the supply chain ecosystem 

gives rise to the concept of ultimate supply chain as illustrated in Figure 2 (Beamon, 1999; 

Mentzer et al., 2001). 
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                Figure 2. Ultimate supply chain. Source: Mentzer et al., 2001 

  

Moreover, shared information and integrated behaviour between different SC entities are 

fundamental elements for being successful in the competitive global market (Bowersox & 

Closs, 1996; Cristopher & Peck, 2004; Prajogo & Sohal, 2010) and for establishing a long-

term cooperation – necessary to share risks and rewards in the cut throat global market 

(Mentzer et al., 2001; Thomas & Griffin, 1996). As per the Global Supply Chain Forum 

(GSCF) Supply Chain Management (SCM) involves linking business processes from end users 

to suppliers to deliver products, services and information that enhance value for customers and 

other interested parties. This description emphasizes two elements of SCM. Firstly, it 

underscores the significance of both material and information flow within the organization with 

materials moving from suppliers to customers and information flowing in the direction—from 

customers to suppliers. (Stevens, 1989; Lambert & Cooper, 2000; Mentzer et al., 2001). 

Secondly the definition emphasizes the importance of providing value. Essentially Supply 

Chain Management (SCM) aims to achieve an edge by focusing on three elements: cost, cash 

flow and customer service. As an example, a common objective in SCM could be to reduce 

expenses while maintaining customer service levels (Houlihan, 1988). This means that 

companies must make trade-offs among these factors whenever they seek to improve their 

efficiency (Drucker, 1962) or effectiveness (Mentzer, 2001) to drive profitability (Ballou, 
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2006; Christopher & Peck; Mentzer et al., 2001). However, due to the nature of supply chain 

management (SCM) evaluating its performance poses a challenge (Beamon, 1999; Chow et al., 

1994). Various frameworks have been developed in the literature each differing in terms of 

measurement systems and variables considered. For example, benchmarking was introduced 

by Camp (1989) to gauge performance beyond the effectiveness of variables. Past studies have 

highlighted two contrasting performance measurement systems; one focusing solely on cost 

(Cohen & Lee 1998; Lee & Feitzinger; Tzafestas & Kapsiotis 1994) while other consider both 

cost and customer responsiveness (Altiok & Ranjan 1995; Ishii et al., 1988; Lee & Billington). 

Both approaches face the challenge of translating qualitative measures into quantitative models 

(Beamon, 1999). Furthermore changes, in SC models (Meixwell, 2005) and the adoption of 

technologies have sharpened performance measurement practices by enhancing benefits 

(Handfield, 1994). Consequently in 2003 the Supply Chain Council outlined five variables. 

Reliability, responsiveness, flexibility, costs, and assets for or measuring performance in an 

appropriate way. 

In conclusion, the idea of supply chain management (SCM) has changed significantly over the 

years and continues to do so as a result of various factors, including the intensifying 

competition in the global market and recent technology advancements. 

 

1.2 Evolution of Supply Chain   

 

The development of industries has progressed through a series of revolutions each more 

complex and productive, than the last. The idea of the Industrial Revolution illustrates a 

scenario where technological innovation flourishes through creativity making an impact on 

environmental and social aspects (Fonseca, 2018, p.1). 

The beginning of the First Industrial Revolution in the 18th century driven by steam power and 

mechanization originated in Great Britain—a centre of progress and a powerful trading nation 

with an extensive colonial empire. This period marked a rise in the use of steam power an 

advancement that boosted productivity to new levels (Vinitha et al., 2020). Notably the shift 

from manual to mechanical production methods in the textile industry signalling a crucial 

change. Alongside this transformation was the growth of businesses and expansion of trade 

that acted as drivers, for changes. Overall, the First Industrial Revolution ushered in an era 

characterized by quality of life seen through rising average incomes (Rojko, 2017). The 
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introduction of steam powered trains enabled transportation leading to urbanization—a 

defining feature of that time (Groumpos, 2021). The period known as the Second Industrial 

Revolution also referred to as the Technological Revolution began when electricity was 

discovered, and assembly line production was introduced incorporating cutting edge 

technologies of that time. This era was marked by an emphasis, on production made possible 

by the advancement of new machine tools. Henry Ford’s groundbreaking work in 

revolutionizing vehicle manufacturing embodied this era streamlining production methods 

increasing efficiency and cutting costs (Sharma & Singh, 2020). The advancements in 

manufacturing and production technology led to the adoption of systems such as gas and water 

supply networks, railroad infrastructures and telegraph communication (Groumpos, 2021). 

Production processes became more intense, competition heightened, and capital played a 

pivotal role during this transformation (Sharma & Singh, 2020). From 1870 to 1914 the Second 

Industrial Revolution came to an end with the onset of World War I, marking the end of radical 

manufacturing approaches (Sharma & Singh, 2020). The Third Industrial Revolution, also 

known as the Automation Revolution, emerged in the 1970s with a focus, on automation using 

computers and automation technologies. During this period entire production processes were 

automated without requiring human intervention (Groumpos, 2021). Programmable machines 

played a vital role, in revolutionizing production processes making them more flexible, 

efficient, and safer. Thus, transforming the protentional of automation. This shift from 

analogue electronics to digital technology had a significant impact on various industries such 

as communication, energy and engineering (Groumpos, 2021). Decentralization of 

manufacturing geographies brought supply chain management and the sharing economy closer 

together, connecting Henry Ford's goal of increasing productivity with the intelligent 

procedures that define Industry 4.0 (Sharma & Singh, 2020, p.67). We are currently 

experiencing the Fourth Industrial Revolution referred to as the Digital Revolution. This 

transformative period is marked using information and communication technologies across 

industries and societal domains (Groumpos, 2021). Manufacturing operations now heavily rely 

on computer technology interconnected through networks enabling communication among 

facilities and promoting self-aware production practices (Sharma & Singh, 2020). This era 

holds promise for revolutionizing production techniques by digitizing manufacturing 

environments to enhance efficiency and flexibility through access, to real time information 

(Groumpos, 2021). These transformative development advances are reshaping industries 

significantly and will be further explored in following sections. 



   
 

 
 

12 

1.3 Global Supply Chain and Sustainability 

 

1.3.1 Economic Sustainability 

 

Economic sustainability within supply chains is a multifaceted concept that covers various 

dimensions like social, environmental and economic aspects (Carter & Rogers, 2008). As 

emphasized by (Seuring and Müller 2008) sustainable supply chains management (SSCM) 

aims to integrate these dimensions into business operations and strategies to ensure long-term 

economic viability while also limiting the adverse effects on society and the environment. At 

its core the economic sustainability in supply chains aims of generating value not only for 

shareholders but also for stakeholders throughout the supply chain (Sánchez-Flores et al., 

2020). This creation of value goes beyond conventional financial metrics to encompass broader 

economic indicators such as creating jobs, generating income and economic development in 

local communities (Seuring & Müller, 2008). Moreover, economic sustainability involves 

entailing adaptably and resilience within supply chains which effectively helps in navigating 

economic disruptions and uncertainties effectively (Sánchez-Flores et al., 2020). Through 

strategies like diversifying sourcing, investing in technology and innovation, and fostering 

collaboration with stakeholders and suppliers, organisations can secure long-term prosperity 

and enhance their economic resilience (Seuring & Müller, 2008). 

To conclude we can say, achieving economic sustainability in supply chains necessitates a 

holistic approach that balances financial performance with social and environmental concerns 

(Sánchez-Flores et al., 2020). Through the alignment of business strategies with proactive 

engagement and sustainable principles with stakeholders, organisations can foster economic 

growth and prosperity while minimising adverse impacts. 

 

1.3.2 Social Sustainability 

 

The development of supply chain management (SCM) has advanced from focusing on 

environmental concerns to encompassing a wider range of social sustainability factors. This 

shift recognizes the interplay, between business operations and the overall welfare of society. 

As per (Carter and Rogers 2008) social sustainability entails for promoting ethical labour 

practices protecting human rights and supporting community growth, in supply chains. This 
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involves ensuring equal wages, secure working conditions and equal opportunities for all 

employees and stakeholders. Sustainable supply chains prioritise diversity, inclusivity and 

corporate social responsibility to build relationships within workers, suppliers and local 

communities. By upholding standards and core values, businesses can build trust, enhance their 

reputation and create shared benefits, for all involved in the supply chain network. (D’Eusanio 

et al. 2019) elaborated on how social sustainability within supply chains spans various pivotal 

dimensions which include human rights, labour practices, community development, and 

consumer safety and health. These factors underline the pressing importance to promote fair 

and ethical treatment throughout the supply chain, thus safeguarding the over well-being of all 

stakeholders involved. (Lee Park et al., 2023) discuss how the integration of social 

sustainability strategies into supply chains is influenced by a variety of changing factors. These 

factors include drivers, enablers and barriers. Drivers consist of shifting consumer preferences 

towards sourced goods increasing investor interest in responsible investments and regulatory 

mandates. Enablers like organisational leadership commitment and effective management 

systems support the adoption of sustainability practices. On the other hand, barriers pose 

challenges, such as navigating the complexities of global supply chains and addressing 

transparency issues related to supplier behaviours. Despite encountering inherent challenges, 

the deliberate incorporation of social sustainability principles into supply chains offers a range 

of advantages which include reducing risks such as expanding market reach and enhancing 

image improvement. 

 In conclusion this thorough analysis explains how social sustainability integrated into supply 

chain management. By looking at its aspects, examining factors and discussing its advantages, 

this review helps us to understand the importance of social sustainability in promoting ethical 

business practices. It stresses the need for companies to prioritize integrating sustainability in 

their supply chains to ensure long term resilience and sustainability in the business world. 

 

1.3.3 Environmental Sustainability 

 

Environmental sustainability within supply chains represents a pivotal aspect of modern 

business operations, reflecting a heightened awareness of the necessity to reduce the 

environmental footprints linked to industrial activities (Carter & Rogers, 2008). This 

prioritization of environmental sustainability has gained a significant importance in the recent 
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times, as organizations strive to harmonize their endeavours with worldwide sustainability 

objectives and societal expectations. A comprehensive understanding of sustainability, in 

supply chains involves aspects ranging from conserving resources and managing waste 

efficiently to reducing carbon emissions and protecting ecosystems (Sarkis et al. 2011). This 

multifaceted approach requires implementing sustainable practices throughout the supply chain 

starting from sourcing materials to handling disposal or recycling at the end of a products life 

cycle. One key principle that promotes sustainability, in supply chains is the idea of life cycle 

assessment (LCA) which examines the environmental impacts of goods or services from start 

to finish (Carter & Rogers 2008). By utilizing LCAs businesses can identify areas that need 

improvement and develop plans to mitigate detrimental environmental consequence. These 

strategies encompass endeavours to diminish energy usage, streamline transportation logistics, 

and procure materials from renewable or low impact sources. The integration of sustainability 

efforts, into supply chains is influenced by a combination of external and internal factors. 

Internal drivers may include cost saving opportunities, corporate environmental policies 

through resource efficiency and the desire to enhance brand reputation and competitiveness 

(Seuring & Müller, 2008). Externally driver like consumer demand for eco-friendly products 

and investors interest in investments play significant roles in driving companies to focus on 

environmental sustainability initiatives (Carter & Rogers, 2008). Integrating environmental 

sustainability practices may seem complex but the benefits are significant. By reducing 

resource usage and waste generation businesses can save costs and improve operational 

efficiencies, while mitigating environmental risks can safeguard the long-term viability of 

supply chain operations (Seuring & Müller, 2008). Additionally adopting environmental 

sustainable strategies can enhance brand reputation attract conscious customers and foster 

creativity and collaboration within the supply chain (Carter & Rogers, 2008). To conclude we 

can say environmental sustainability in supply chains is a critical step for modern businesses 

that are willing to operate responsibly and reduce their environmental footprint. With the 

integration of sustainable practices throughout the supply chain and responding to internal and 

external drivers, organizations can reap significant benefits while also contributing to a broader 

environmental conservation goal. Upholding environmental sustainability principles not only 

ensures the long-term viability of supply chain operations but also aligns with global 

sustainability objectives and societal expectations. 
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As we go beyond into this research, we will uncover how the integration of various digital 

technologies such as IoT, blockchain, big data analytics, automation, artificial intelligence and 

digital twin in supply chains impacts all the three above discussed dimensions of sustainability. 

 

1.4 Industry 4.0 concept 

 

The current dynamics in the global market create tough competition and require industrial 

production to quickly adapt to stay competitive. This involves embracing advancements and 

moving towards Industry 4.0 which originated in Germany in 2011 at the Hannover Fair, the 

world's largest industrial trade fair. Industry 4.0 represents a pivotal concept driving the 

adoption of high-tech strategies in German economic policy (Rojko, 2017). Given Germany's 

presence in the manufacturing industry it's no surprise that Industry 4.0 emerged from this 

country. Since its introduction Industry 4.0 has gained interest from both academic and 

industrial sectors. (Rojko, 2017). Industry 4.0 serves as a term for a range of technologies that 

enable automation, integration, and real time data exchange in manufacturing processes 

(Koleva, 2018, p.1) At its core Industry 4.0 seeks to introduce new digital technologies' 

revolutionary power and advantages into the industry's operations and products. (Nicolae, 

Korodi, & Silea, 2019). This shift in industrial evolution is marked by the rise of factories 

equipped with intelligent machines and products (Rojko, 2017). In the realm of Industry 4.0 

advanced manufacturing facilities are defined as Cyber Physical Systems (CPS) that are 

interconnected through the Internet of Things (IoT). CPS smoothly integrate, manage and 

synchronize operations by utilizing real time data bridging the gap, between physical and 

virtual realms. (Pereira & Romero, 2017). These interconnected intelligent machines, 

supported by IoT encompass the connectivity of all objects within a factory via the internet 

(Nicolae et al., 2019). Within the context of Industry 4.0 these smart factories give rise to the 

creation of smart products. These smart products can independently generate, store and interact 

with real time data throughout their lifespan autonomously (Schmidt et al., 2015). The fusion 

of smart factories and products allows for sharing of information among all resources 

production processes and stakeholders such as suppliers, manufacturers and end users (Nicolae 

et al., 2019). Industry 4.0, which makes use of Information and Communication Technology 

(ICT) to improve the horizontal and vertical interoperability of production systems, highlights 

the future of manufacturing (Nicolae et al., 2019). Competition, among companies sharing 
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traits in horizontal integration aim to improve production processes by seamlessly connecting 

materials, knowledge and finances to create innovative business models (Tay et al., 2018). This 

type of integration is expected to support the development of value creation networks (Koleva, 

2018). On the contrary vertical integration involves combining elements like machinery, 

employees and products within a manufacturing facility and its overall operations. In the 

context of Industry 4.0 intelligent factories can streamline all activities throughout their value 

chain using Cyber Physical Systems (CPS) thereby boosting efficiency and adaptability (Tung, 

2018). The data. Processed by these machines provide companies with better insights into their 

operations (Tay et al., 2018). Undoubtedly Industry 4.0 will have an impact, on processes, 

manufacturing systems and supply chains. It offers increased transparency, optimized resource 

management and renewed business prospects (Pereira & Romero 2017). Embracing Industry 

4.0 enables companies to enhance their edge over other competitors, generate value and 

manage risks effectively. Moreover Industry 4.0 and the technologies associated with it hold 

promise in addressing sustainability challenges. 

In the next section, we will study and try to identify how their implementation and use can 

support industries to have a more sustainable supply chain. 

 

1.4.1 Industry 4.0 technologies and their impact on global supply chains  

  

When Industry 4.0 was introduced in 2011 it initially focused on a technology, like Cyber 

Physical Systems (CPS) IoT and Cloud technology. Over time additional technologies were 

integrated, as illustrated in Figure 3 (Frederico et al., 2019), which outlines the technologies, 

and their corresponding article counts. Building on existing research and recognizing the 

significance of these technologies for professionals, this section is dedicated to elaborating on 

the characteristics of technologies such, as IoT, blockchain, big data analytics, automation 

(including robotics and digitalization), artificial intelligence and digital twins. It also elaborates 

on the impacts of these technologies on various aspects of the supply chain, primarily, 

efficiency, transparency, flexibility and cost reduction. 
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  Figure 3. Number of articles considering each technology. Source: Frederico, 2019 

  

1.4.2 Focus on Internet of Things (IoT) 

  

Since the idea of the Internet of Things (IoT) was first introduced in 1999 there have been 

interpretations that highlight the elements of the internet and physical objects. This distinction 

has given rise to two perspectives; one that underscores the importance of the internet aspect 

and another that focuses on the things themselves (Ben-Daya et al., 2019). According to Ben 

Daya et al. (2017) they put forward a definition of IoT, within Supply Chain Management 

(SCM) as a network of connected objects that can sense, monitor and interact both internally 

within a company and externally across its supply chain. This interconnectedness facilitates 

flexibility, transparency, tracking capabilities and information sharing to support planning, 

control and coordination of SCM processes. The term "things" encompasses machines, 

products or services. The realm of IoT encompasses five technologies: Radio Frequency 

Identification (RFID) Wireless Sensor Networks (WSN), middleware, cloud computing and 

IoT applications. These technologies promote communication between machine to machine 

(M2M) and between customers and machines (C2M)  (Lee & Lee in 2015). According to the 

structure outlined by the Supply Chain Operations Reference (SCOR) model, which breaks 
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down supply chain (SC) activities, into six stages—planning, sourcing, production, 

distribution, returns and support—lets delve into the advantages associated with each stage. 

Integrating Internet of Things (IoT) technology into the buying and sourcing processes brings 

advantages, such, as enabling real time monitoring of materials strengthening quality control 

and improving planning abilities (Ben-Daya et al., 2017). Moreover, implementing IoT allows 

companies to gather data from their suppliers leading to increased flexibility within the supply 

chain. Key benefits include reduced lead times, better visibility and adaptability enhanced 

quality and cost-effective product differentiation (Ben-Daya et al., 2017). Furthermore, IoT 

enhances manufacturing operations by optimizing quality control, maintenance practices, 

sustainability efforts and production planning and scheduling. This optimization helps reduce 

times and costs while extending product life spans and increasing profits. The combination of 

IoT with manufacturing operations offers benefits, across all areas in the manufacturing domain 

(Ben-Daya et al., 2017). The impact of the Internet of Things (IoT) extends into the delivery 

process covering aspects like managing warehouses, fulfilling orders, overseeing inventory and 

handling transportation logistics. IoT applications, in this area enhance safety, security, sharing 

information, preventing theft and monitoring quality to achieve benefits in terms of time saved, 

space efficiency, cost reduction and waste minimization (Ben Daya et al., 2017). Nonetheless 

enterprises face obstacles such as issues with software compatibility, between buyers and 

suppliers leading to the loss of data and information (Bowman et al., 2009). Additionally, the 

Internet of Things (IoT) accelerates the adoption of the Kanban approach and lean production 

principles making reverse logistics and waste management processes more efficient (Ben Daya 

et al., 2017). 

IoT brings about a range of advantages in the supply chain processes, despite facing obstacles 

during its implementation and incorporation within and between companies. Challenges persist 

in terms of managing and analysing data, privacy issues and security concerns (Bowman et al., 

2009; Lee & Lee 2015). 

 

1.4.3 Focus on Blockchain 

 

Blockchain technology has become well known mainly for its use, in cryptocurrencies like 

Bitcoin, where its effectiveness and safety has been highly praised. Described as a shared and 

unchangeable record blockchain is used for recording transactions and tracking assets within a 
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network (IBM, 2022). Assets can be tangible which include items like products or money as 

well as intangible ones such as intellectual property or copyrights. In essence blockchain 

functions as a chain of blocks " each holding a record of network activities, such as transactions, 

documents or data that follow one another after being verified and validated by the block. By 

employing cryptography blockchain ensures that while adding data is open to all network 

participants, unauthorized changes, additions or deletions are prevented (Yahiaoui, Fedouaki, 

& Mouchtachi, 2020). This distinct characteristic of technology guarantees governance and 

transparency by reducing the risk of data tampering or removal due to its unchangeable nature 

(Esmaeilian, Sarkis, Lewis, & Behdad, 2020). The widespread use and effectiveness of 

blockchain technology, in the finance sector has led to an exploration of its potential 

applications in other fields to make the most of its advantages. Even though its integration into 

financial areas is still in the early stages blockchain is already being recognized as a major 

disruptive technology that could transform supply chains by promoting sustainable practices, 

especially in environmental and social aspects (Tsai et al., 2021). Its ability to bring together 

all resources and assets within the supply chain adds value to activities, like sharing 

information, tracking products and improving transaction transparency. As a result, blockchain 

has the potential to support every aspect of the supply chain, including planning, sourcing 

materials, production, and delivery processes (Kamble et al., 2021). One of the main challenges 

faced by supply chains is the issue of visibility. Supply chain visibility refers to the ability to 

easily track components or products, from their origins from manufacturers all the way to 

where they end up including all the steps in between without any disruption (Reddy, 

Gunasekaran, Kalpana, Sreedharan, & Kumar, 2021 p.7). However, the complex nature of 

multi-tier networks in supply chains makes accessing information difficult especially when 

companies are striving to ensure the sustainability of their operations and resources. A key 

feature of technology is its traceability aspect, which allows organizations to simplify how they 

map out their supply chains by establishing connections between tier-1 and tier-2 suppliers and 

end consumers. Blockchain technology’s fundamental attributes enhance visibility throughout 

the supply chain promoting increased confidence, among its participants. While traceability is 

an aspect of blockchain, trust emerges as its advantage in the realm of supply chain 

management (Paliwal, Sharma, & Chandra, 2020). The transparency and trust provide by 

blockchain technology serves as powerful mechanism to combat corrupt individuals and 

address social injustices, including human rights violations, child labour, and corruption, thus 

advancing social sustainability goals (Munir et al., 2022). Despite the existence of numerous 

regulations and standards governing these rights, violations remain pervasive. Blockchain 
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technology can play a pivotal role, in enhancing the aspect of sustainable development by 

reducing the environmental impact of logistics. While we have previously discussed its 

importance in ensuring transparency in sourcing materials blockchain also allows for the 

incorporation of other environmental protections, such as monitoring carbon emissions, energy 

usage and waste management throughout the supply chain. Essentially, blockchain technology 

empowers businesses to track carbon emissions leading to a decrease in greenhouse gas 

emissions and air pollution through traceable analysis (Rejeb, A. & Rejeb K., 2020). 

Additionally, these thorough analyses help companies to accurately determine the carbon taxes 

each party should pay while also promoting cooperation and transactions, in green asset 

markets (Rejeb, A. & Rejeb K., 2020). According to (Kouhizadeh, Sarkis, & Zhu 2019) 

blockchain technology shows potential, in helping companies identify materials that rely on 

non-renewable energy sources. This allows them to remove materials from their supply chain 

that use non-renewable resources or choose alternatives that use renewable sources. Thus, 

leveraging energy circularity. Additionally, Blockchain technology can streamline stakeholder 

participation in low-carbon energy initiatives, simplify the implementation of environmental 

protection programs, and expand consumer access to clean energy (Kouhizadeh, Sarkis, & Zhu, 

2019). The blockchain also has a feature where it can store a range of information creating 

what is known as a digital identity. This digital identity serves as an element, for all involved 

parties (Paliwal et al., 2020). It enables manufacturers to track their products throughout their 

lifespan leading to improvements in design, production, sales and product recovery. This 

enhanced visibility across the product cycle can reduce waste generation and emissions while 

fostering collaboration among governments, stakeholders and users (Esmaeilian et al., 2020). 

The benefits of blockchain technology are numerous. Businesses are still exploring the 

advantages it brings. It is believed that this technology has the capability to address the issues 

faced by supply chains and thus making the entire supply chain more sustainable, flexible, 

effective and environmentally friendly. 

 

1.4.4 Focus on Robotics/Automation 

  

The roots of automation can be traced back, to the 1900s particularly highlighted by Fords 

efforts in factory production. However, the rise of robotics and digitalization has accelerated 

automation in recent times aiming to streamline every stage of the supply chain from sourcing 
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materials to final delivery. This evolution signifies a shift, from manufacturing methods as 

automation now encompasses material flow, data handling, supplier relationships, customer 

interactions and overall operational controls (Viswanadham, 2002). Nonetheless substantial 

investments are crucial for companies to successfully adopt and smoothly incorporate these 

technologies. In the context of supply chain management, automation offers advantages in 

terms of capacity enhancement boosting productivity, cutting costs, and improving customer 

service (Baker & Halim, 2007). Companies aim to become more flexible and responsive by 

adopting production methods that can adapt to changes in the market. The use of robotics and 

digital technologies plays a pivotal role in achieving these goals. For instance, the automation 

of loading and unloading processes fosters seamless operations while establishing direct 

connections between different entities along the supply chain, such as cross-docking or vendor-

management inventories, helps minimize inventory and delay times (Viswanadham, 2002). 

Furthermore, simulations play a vital role in identifying potential bottlenecks in warehouse 

automation (Baker & Halim, 2007). Moreover, automation extends to relationship 

management, facilitating continuous interactions and leveraging data mining techniques for 

enhanced efficiency. As per (Sun et al., 2022) Autonomous robots are highly intelligent 

machines that can evaluate themselves, organizing autonomously and making decisions 

independently to carry out specific tasks without human involvement. Coming in various sizes 

and equipped with varying levels of intelligence, mobility and independence these robots are 

expected to become more common in manufacturing operations especially in supply chain 

activities like final assembly and warehouse management (Görçün, 2022). Their integration is 

set to improve the speed and accuracy of tasks, streamline inventory control processes and 

reduce the likelihood of errors. In addition to enhancing efficiency throughout the value chain 

autonomous robots offer the potential to greatly improve the working conditions for operators. 

Primarily used for duties they can contribute to employee’s well-being and job satisfaction by 

allowing them to focus on intellectually stimulating tasks (Kousi et al., 2016). Furthermore, as 

robotic technology progresses dangerous assignments can be increasingly handed over to 

robots lessening workers exposure, to environments. Working alongside robots can also boost 

employee productivity while reducing stress and anxiety levels. Autonomous robots are 

particularly skilled, at handling tasks that require moving objects easing the burden, on workers 

and reducing the chances of workplace accidents (Shamout et al., 2022). Another technology 

that is expected to be talked about more and more these days is Robotics Process Automation 

(RPA). RPA aims to create software robots, also known as bots, that can mimic human 

behaviour across various applications (Doguc,2020). (Jain,2019) highlights how RPA has the 
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potential to improve efficiency of operations across different industries. Similar to robots RPA 

frees up human resources from repetitive tasks. However, adopting this technology could also 

lead to generation of reports and data ultimately enhancing process efficiency. For example, 

RPA can independently generate reports, like revenue projections, inventory status updates, 

defect analysis, quality control assessments and compliance and audit findings. 

Even though automation has a lot of potential for businesses, putting it into practice can be 

expensive, need multiple projects to operate simultaneously, and may not have user-friendly 

interfaces. Despite these difficulties, businesses must manage this complexity and make 

investments in technology that boost productivity and competitiveness to reap the benefits of 

automation. 

  

1.4.5 Focus on Big Data Analytics 

  

The concept of Big Data doesn't have an agreed upon definition. There is a popular framework 

called the 6Vs that provides a comprehensive view. This framework covers six aspects; 

Volume, representing the amount of data involved; Velocity, focusing on the quick generation 

and processing of data; Variety recognizing the various types of structured and unstructured 

data being handled; Value, highlighting the main objective of creating business value; Veracity, 

stressing the importance of reliable and accurate processed data; and Variability showing the 

ability to adapt to new data formats (Chalmeta & deLeon 2020). Big Data Analytics (BDA) 

can be seen as a collection of tools, algorithms, simulations, and optimizations designed 

specifically to tackle the challenges and opportunities presented by Big Data (Chalmeta & 

Barqueros Muñoz, 2021). The use of Big Data Analytics (BDA) helps in gaining knowledge 

and uncovering patterns and insights, within data. This enables businesses to fully utilize their 

data resources, extract business insights and make strategic decisions (Ahmed et al., 2018). Big 

Data Analytics plays a vital role in improving the sustainability of supply chains by monitoring 

them. By leveraging historical data, it helps to uncover the impact present in a company’s 

supply chain activities. Additionally, through analytics it allows organizations to predict and 

address sustainability issues promoting ongoing efforts, for improvement (Chalmeta & deLeon, 

2020). As an example of the automotive industry in a recent survey conducted by (Beier, 

Kiefer, & Knopf, 2020) among automotive industry professionals. Big Data Analytics (BDA) 

has been recognized as a crucial factor in promoting environmental sustainability due to its 
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diverse analytical capabilities. Initially BDA helps in measuring energy consumption across 

the supply chain. By centralizing all energy related data into one database the reliance on 

systems exchanging information is reduced. This centralized database allows for the 

establishment of a site energy management system that utilizes BDA to analyse real time data 

and identify potential energy conservation opportunities. Furthermore, BDA can be utilized to 

optimize water usage, which essential for processes like cleaning, cooling and painting in 

automotive manufacturing. Through monitoring of water consumption and effective modelling 

techniques car manufacturers can better predict patterns of water usage. Operate machinery 

more efficiently. Lastly, BDA plays an important role in managing waste by monitoring waste 

quantities and movements to detect trends and conduct analysis using both current and past 

data. Insights gained from waste data management help evaluate the performance of production 

lines. Apart from advantages, these analyses also contribute to cost reductions and lower 

specific production expenses (Hofmann, Neukart & Bäck 2017). Companies which usually 

have a very large network of suppliers considering the various components and raw materials 

they need to source; BDA can help them in optimizing their strategic sourcing. This assists 

organizations to improve their supplier relationship management by ensuring that their 

procurement processes are aligned to the organization’s strategic goals and objectives (Scott, 

Ho, & Dey, 2013). Big Data Analytics (BDA) offers businesses the chance to improve their 

risk assessment procedures by examining data points concerning quality, delivery assurances 

and material availability. Moreover, this technology allows for monitoring data and social 

media platforms to gain insights into supplier activities and market trends (Wang, 

Gunasekaran, Ngai, & Papadopoulos, 2015). By combining these approaches companies can 

effectively assess the influence of procurement decisions on supply chain performance 

enabling them to make informed decisions. Furthermore, BDA goes beyond cost and 

profitability assessments to include environmental and social sustainability aspects in supplier 

oversight. In regions where manufacturing's prevalent due to factors like taxes and labour 

expenses issues such as environmental degradation and human rights violations may emerge 

(Zhu et al., 2022). Nevertheless, advancements in information technology make it possible to 

gather data from each partner in the supply chain empowering management to address these 

concerns. With regards to considerations, BDA facilitates monitoring of labour related matters 

like compensation levels, potential instances of forced or child labour use and community 

exploitation, in locations where supply chain facilities are located (Mageto, 2021, p.6). Chen 

and Jia (2017) showed that it is possible to choose suppliers by considering factors that used a 

BDA model to combine information about emissions and waste disposal. 
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All the technologies mentioned so far allow companies to collect a large amount of data. By 

using BDA companies can exploit the maximum potential and make better strategic and 

development decisions with a more sustainable approach. 

 

1.4.6 Focus on Artificial Intelligence 

  

Artificial intelligence (AI) has become a common term in our lives. It is now a significant 

technological advancement. It can be defined as a branch of computer science that focuses on 

creating systems of performing tasks that traditionally require human intelligence (Kazancoglu 

et al., 2022). AI technologies aim to imitate human behaviour such as learning from experience 

and adjusting to situations (Jarrahi, 2018). By utilizing optimization, deep learning and 

machine learning methods AI has become a powerful tool for advanced data analysis (Mayer, 

Gandhi & Hecht, 2019). Machine learning, which is a subset of AI uses algorithms and 

extensive datasets to identify patterns and make predictions allowing systems to evolve and 

enhance their performance over time. AI is increasingly acknowledged as an asset and is being 

utilized to enhance various aspects of supply chain management. Its implementation offers the 

potential for cost reductions and supports sustainability initiatives. It's essential to have thought 

out plans for meeting demand and managing production to keep supply chains running 

smoothly (Nguyen, Li, Spiegler, Ieromonachou, & Lin, 2018). Unexpected events and gaps in 

information can cause fluctuations in demand making it tough for supply chains to stay resilient 

(Kazancoglu et al., 2022). As evident from the impacts of the COVID 19 companies with 

complex supply chains have faced challenges in overseeing their demand forecasting process 

and subsequently managing their production operations. This lack of information often results 

in discrepancies between supply and demand within supply chain systems (SSCs) leading to 

communication breakdowns, among stakeholders (Queiroz, Ivanov, Dolgui & Wamba 2020). 

As a result, traditional demand and supply planning approaches have become inadequate and 

companies no longer can afford to plan on a periodic (quarterly or annual) basis without 

compromising the resilience of their supply chains (Koricanac, 2021). In such environment use 

of AI technology shows promise in closing the gap, between supply and demand utilising real 

time data to make decisions (Kazancoglu et al., 2022). By improving demand predictions, 

examining sales trends and pinpointing market prospects AI provides a real benefit to 

industries. This innovation is truly valuable, amidst shifting consumer preferences empowering 

businesses to choose wisely with better insights (Mayer et al., 2019). Inventory management 
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is crucial in industries requiring stock predictions and optimal inventory levels to address 

operational challenges effectively (Kazancoglu et al., 2022). While traditional decision-making 

processes based on human judgement may fall short in this regard. Artificial Intelligence (AI) 

plays a vital role in improving real time inventory management and providing insights into 

production dynamics. Genetic algorithms, which is one of the sub technologies of AI use data 

like sales prices, volume and production costs to create models, with least errors enhancing 

inventory management practices (Kazancoglu1 et al., 2022). Moreover, machine learning 

algorithms help businesses identify inventory trends leading to cost savings and operational 

improvements. (Tirkolaee et al., 2021). AI technology also provides benefits in predictive 

maintenance especially by using real time data analysis to predict when machines require 

maintenance and prevent interruptions in production. Machine learning algorithms are crucial 

in anticipating maintenance, improving maintenance timetables and ultimately boosting 

operational efficiency while cutting down on costs related to unexpected downtime (Mayer et 

al., 2019). Artificial intelligence (AI) also has potential in Research and Development (R&D). 

During the product development phase of the product life cycle (Schulze Horn et al., 2020). 

One important use of AI is its ability to help companies consider cost factors and suggest 

alternative materials with similar features leading to significant advantages and guiding 

decisions across various departments (Hofmann et al., 2017). Moreover, AI can assist by 

simplifying the calculation of models using predictions and drawing from data to improve 

accuracy and efficiency, in decision making processes (Mayer et al., 2017). This technology 

can also have an impact on promoting sustainability through management of energy usage. By 

analysing data collected throughout the production process AI can help reduce emissions and 

improve the practices of businesses (Cioffi, Travaglioni, Piscitelli, Petrillo, & De Felice, 2020). 

Recent research by (Sishi & Telukdarie, 2021) highlights how AI can optimise supply chain 

operations leading to decrease in energy consumption and CO2 emissions. In this model the 

energy requirements of the different business functions were stored in a database. Using 

algorithms AI focused on managing energy use by determining the most suitable energy levels 

for each task. This method allowed the company to closely track how each resource impacted 

energy demands making it easier to identify and enhance processes to lower energy usage 

(Sishi & Telukdarie 2021). The applications of artificial intelligence are indeed numerous and 

can offer significant benefits to companies seeking to enhance the efficiency and sustainability 

of their supply chains. 
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1.4.7 Focus on Digital Twins 

  

According to (Grieves & Vickers 2016), the concept of digital twin is digital information of a 

physical system that can be generated as an entity on its own, acts as a physical system's virtual 

counterpart and integrated within the physical system itself. Digital twins have become a 

pivotal technology in transforming the way supply chain management (SCM) operates. They 

provide a copy of real-world assets, procedures and systems that can be accessed and analysed 

in real time. This idea as discussed by (Tao et al. 2018) encompasses two elements; the physical 

object and its digital representation, which are closely linked to enable seamless data exchange 

and analysis in real time. In the realm of supply chain management digital twins act as models 

that allow companies to see, track and enhance their supply chain processes at different stages. 

(Lin et al., 2017). By incorporating sensors, (IoT) devices and advanced data analysis 

techniques, digital twins assess amounts of information generated by supply chain operations 

providing valuable perspectives on productivity, effectiveness and possible interruptions. One 

of the key applications of digital twins in supply chain management (SCM) is based on 

predictive analytics and scenario planning. Leveraging both historical data and real-time 

information, digital twins help organisations to foresee and proactively address potential 

disruptions, optimize inventory levels and thus streamline logistics operations (Tao et al., 

2018). Nevertheless, digital twins facilitate scenario simulations, allowing SCM professionals 

to evaluate the consequences of various strategies and decisions on critical supply chain 

performance metrics. Moreover, digital twins play a crucial role in augmenting supply chain 

visibility and collaboration. By providing a consolidated perspective of supply chain processes 

and participants, digital twins facilitate transparency and facilitate smooth communication and 

coordination among diverse stakeholders (Lu et al., 2017). This enhanced visibility empowers 

proactive decision-making and agile responses to ever changing market dynamics and customer 

requirements. Despite the potential of digital twins in supply chain management many 

organisations encounter difficulties when trying to adopt and incorporate them. Challenges like 

merging data, ensuring compatibility and safeguarding against cyber threats present obstacles 

to successfully using digital twin technologies (Tao et al., 2018). Additionally, the complex 

nature of supply chain ecosystems and the importance of interdisciplinary teamwork require 

thorough preparation and financial investment to create reliable digital twin frameworks that 

suit individual supply chain scenarios. 
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In conclusion we can say digital twins represent a paradigm shift in supply chain management, 

providing unparalleled visibility, predictive capabilities and agility crucial for navigating 

through the dynamic and interconnected landscapes of today's supply chains. 
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CHAPTER TWO 

Relationship between Digital Technologies, Supply Chain, and Sustainable Business 

Models 

 

This chapter begins with an exploration on the impact of digital technologies on economic, 

social and environmental factors. It sheds light upon how they contribute to the promotion of 

sustainable practices and operational efficiency in global supply chains. It further proceeds to 

define what constitutes a 'sustainable' business model, the characteristics of which are 

explained with the help of a measurable framework linked to a selective list of relevant KPIs. 

The insights derived from this analysis will offer important perspectives for both practical 

managerial applications and academic research in the field of supply chain management and 

sustainable business models. The chapter concludes with an examination of the complexities 

and barriers that stand in the way of organizations from incorporating the KPIs and frameworks 

for effective measurement of sustainability levels and the recommendations in overcoming 

these challenges. These challenges and barriers also describe in detail the issues faced by 

businesses in incorporating digital technologies into the supply chains and business models for 

achieving sustainability. In the rapidly evolving industrial landscape, the interconnection of 

digital technologies, supply chains and business models has emerged as a key area of interest 

for both researchers and practitioners. This interconnection, if explored rightly, has the 

potential to transform traditional business operations, and discover the key path to driving 

transparency, efficiency, and sustainability. Understanding the interplay among these factors 

is essential for businesses seeking to attain long-term sustainability and simultaneously 

tackling pressing environmental and social challenges. In this light, this chapter provides a 

contextual definition of all three elements before exploring the synergy among them. 

As examined in the first chapter, supply chains are complex networks that encompass all steps 

in a product's lifecycle journey. From procuring raw materials to delivering the final product 

to customers hands smoothly and efficiently is essential, for driving down expenses and 

improving customer happiness while staying ahead of the competition according to (Mentzer 

et al., 2001). In order to keep up with the rapidly evolving industries, organizations sticking 

with outdated supply chain management approaches are often perceived as falling behind the 

curve when it comes to adapting swiftly to market changes and demands.  It is crucial to 

integrate the digital technologies into SCM to eliminate and address the inefficiencies, lack of 
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transparency, and environmental impacts. For instance, the adoption of big data analytics into 

SCM can streamline operations by identifying bottlenecks and optimising resource allocation 

(Chalmeta & deLeon, 2020). In the same way, digital twins enable the creation of virtual 

models of physical supply chains, which facilitates real-time monitoring and scenario analysis 

to enhance risk management and bolster resilience (Tao et al., 2018). 

 

2.1 Primary Aspects that Constitute a Sustainable Business Models 

 

Sustainable business models are frameworks that employ strategies to ensure the long-term 

viability of the businesses through creating a collective positive impact on the environmental, 

social, and economic aspects. The end-goal of any business is to achieve the 3 Ps of 

sustainability, namely, Profit, well-being of People and the Planet, and protecting and 

maximizing their benefits. The three pillars of a Sustainable Business Model, which are the 

primary aspects that a business model should incorporate into its daily operations and 

strategies, are explained in this section. These are the environmental, social and economic 

aspects. In the environmental aspect, the design needs to prioritise environmental responsibility 

by aiming for minimal carbon footprints and optimising resource usage while producing 

minimal wastage. The second aspect which is the social aspect encourages businesses to make 

a contribution to society by upholding fair labour standards and embracing diversity and 

inclusivity practices while actively participating in community growth initiatives and 

upholding ethical values with a focus on creating lasting value for shareholders and all 

stakeholders. These include customers, employees, suppliers and the wider community in equal 

measure. Finally, the economic aspect requires that the business model should generate 

consistent profits while simultaneously engaging in innovation and investing in maintenance 

areas and operational efficiency. The most important aspect to become a sustainable business 

requires embracing a forward-thinking approach that prioritises long term value over short term 

gains even if it involves having a trade-off with the short-term gains. This strategy is essential 

for developing resilience, against market uncertainties and environmental shifts while 

navigating consumer and competitor dynamics effectively. A prime illustration of sustainable 

business practices is that of the circular economy approach that focuses on designing products 

for longevity and recyclability while also highlighting social enterprises that reinvests back 

profits into community development projects. 
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2.2 Exploring the Synergies among Digital Technologies, Supply Chains and Business 

Models to attain Sustainability 

 

Understanding the connection between digital technologies and business models involves 

recognizing how they can work together efficiently. Most businesses can set sustainability 

objectives that suit their needs and operations in line with the commonly agreed upon concept 

of sustainable business models. Most of these objectives are now easily attainable through the 

adoption of innovation through digital technologies, while aligning with sustainable business 

practices (Seuring & Müller, 2008).  In the shift from traditional supply chains to flexible and 

sustainable systems, digital technologies play a crucial role in offering the essential tools and 

capabilities. This transition also indirectly supports the adoption of sustainable business models 

that cater to the three 3 Ps of sustainability, namely, people, planet and profit. When these three 

elements work together seamlessly and effectively in harmony the business model can operate 

efficiently with optimized resource management. It also guarantees transparency throughout 

the supply chain and allows easy monitoring to evaluate sustainability performance using 

different metrics (Boons & Lüdeke-Freund, 2013), which in turn enables companies to make 

informed decisions at the right time. In this age where businesses are swiftly adjusting to the 

ever-evolving global industry landscape, having a solid sustainable business strategy is not just 

good to have but a necessity for success. This is also the period where consumers are becoming 

progressively mindful of companies' brand reputation across all fronts with access to a wealth 

of information about them. Therefore, it's essential for them to incorporate sustainability into 

their core strategies to guarantee lasting success in a world that is progressively more focused 

on sustainability concerns. Some recent noteworthy examples include the application of IoT 

and Blockchain in improving the traceability and accountability of supply chains. This 

enhances transparency regarding the sustainability ratings of sourcing and production 

processes. Another admirable achievement is the development of Digital twins to make 

enhancements by providing insights into the long-term effects of supply chain decisions on 

sustainability measures (Tao et al., 2018). Similarly, IoT is being implemented in inventory 

and for the in-store management improvements to offer real time tracking. This aids in reducing 

waste and gaining insights into consumer behaviour at various stages of a product's journey. It 

also enhances supply chain visibility (Ben Daya et al., 2017). A majority of the companies are 

also employing the use of AI and Big Data Analytics to provide insights for accurate demand 
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forecasting and optimising production schedules (Kazancoglu et al., 2022). The synergy of this 

triad has emerged as a driving force of innovation and efficiency to enable operational 

transformation in accordance with the sustainability goals. The contribution and applications 

of this synergy is multiplying the benefits exponentially by contributing to the environmental, 

social and economic aspects of a business model and its supply chain. A few of these 

applications were studied in this research for a better understanding and correlation with the 

real-world illustrative examples in the last chapter. 

The most important sustainability vertical that affects organizations is the environmental 

aspect. Many organizations are employing digital tools to utilize the wide variety of data 

available today. The most popular method is the use of Internet of Things for gathering data 

through sensors placed in equipments, warehouses and other centres. It is important to sort the 

data in terms of its quality and applicability due to the availability of data in huge quantities 

and unstructured formats. IoT-based sensors help the companies to categorize this data in terms 

of what could be called as good data from the noise data to make it more useful. This 

information can then be analysed by the companies to identify inefficiencies and pinpoint areas 

for improvement (Ben Daya et al., 2017). For example, refrigerators equipped with IoT sensors 

can collect information regarding the internal temperature as well as details about the food 

items such as their expiration dates and quantities remaining. This information enables 

consumers to make informed decisions when buying goods, thus minimizing waste and 

regulating energy usage. Companies make wide use of the blockchain technology which 

operates by storing data in a decentralized manner where every transaction is documented and 

kept throughout the various phases of the supply chain such as material sourcing, 

manufacturing and shipping (Saberi et al., 2019). By making all information accessible to all 

the stakeholders involved, it enhances transparency which enables organizations to verify that 

all stakeholders including the customers, suppliers, vendors, etc. adhere to environmental 

sustainability standards while mitigating noncompliance risks. The application of analytics and 

pattern recognition is crucial in the field of artificial intelligence as it allows for the anticipation 

and prevention of accidents and failures before they can happen. This proactive approach 

enables organisations to plan their maintenance activities and make informed decisions about 

repairs and purchases without risking service disruptions caused by unexpected downtime. For 

instance, established technology firms such as Microsoft rely heavily on continuous service 

availability to support their global business operations effectively. AI assistance is valuable for 

data centre operations as it can predict failures beforehand. This proactive approach helps 
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prevent energy consumption risks and emissions that may arise from system malfunctions. By 

taking actions based on these predictions, companies can prolong the lifespan of their systems 

and minimise the need for frequent replacements ultimately reducing electronic waste 

generation (Müller et al., 2018). 

 

The second most important vertical that was studied was the social vertical of sustainability 

factor. The businesses that make use of technologies such as blockchain should ensure that 

materials and products are used ethically by providing verification processes within the supply 

chain system. Companies can verify that their suppliers adhere to labour practices and respect 

human rights by documenting the supply chain activities on a blockchain platform (Tapscott & 

Tapscott 2017). This transparency allows consumers to choose products wisely and support 

companies that prioritise ethical sourcing practices. A most impactful example of this is the 

collaboration initiated by Walmart with IBM to track the supply chain of food products using 

blockchain technology. Walmart utilises the Food Trust blockchain to trace the journey of its 

products, like packages of mixed leafy greens all the way from the farm to the store shelves. 

This method enhances food safety by offering valuable insights into the supply chain that help 

ensure ethical sourcing and proper handling of products. Digital twins are utilised to gauge the 

societal repercussions of corporate actions by companies through replicating assets or 

operations to assess their impact on local communities. The utilisation of a twin of a factory 

allows for the forecasting and modelling of the effects of various strategies on nearby 

inhabitants, in terms of altering employment prospects and environmental impact. This tool 

allows companies to make rounded decisions by considering not just the economic and 

environmental factors but also their social implications (Grieves & Vickers in 2017). The 

replication of the real-world physical model into a digital one not only gives the companies the 

ability to visualize the impact of their decisions and actions on their business operations in the 

present but also for the future. AI powered tools created for overseeing workforces have the 

potential to enhance the safety and well-being of employees by monitoring working 

environments and conditions for possible risks effectively (Zhou et al., 2018). For instance, 

these systems can analyse information gathered from devices to detect signs of fatigue or stress 

in workers and take preventive actions to avoid accidents successfully. Moreover, AI 

technologies provide businesses with the chance to streamline their practices in managing 

employees and in accordance with labour laws effectively.  
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The third but one of the most important sustainability aspects that was explored was the 

economic vertical of the organizations. For instance, IoT applications are useful not only for 

improving the environmental aspects of a business model’s sustainability but also for the 

economic impacts. These sensors grant companies the ability to oversee the condition and 

operations of their machinery effectively for upkeep and reduced downtime periods leading to 

cost savings and enhanced productivity as well (Porter & Heppelmann 2024). Blockchain helps 

in cutting down inefficiencies and delays in the supply chain by acting as a transparent source 

of information for all stakeholders involved in the process. This transparency diminishes the 

necessity for middlemen and more stakeholder by simplifying the transactions and lowering 

the chances of fraudulence and errors (Min, 2019). Consequently, businesses can attain swifter 

and more dependable supply chain operation that results in cost reductions and enhanced 

profitability. AI-driven analytics tools empower businesses to predict demand and supply 

accurately and to optimise inventory management efficiently by examining past data and 

present market trends. The AI technology forecasts demand trends to help companies adapt 

production and inventory levels proactively. This proactive approach minimises the chances of 

overproduction or stock shortages resulting in cost efficiency and revenue growth (Choi et 

al.,2018). Digital replicas or twins offer businesses a vital resource for enhancing product and 

process creativity. Through simulating situations and experimenting with new concepts in a 

virtual setting, companies gain the ability to pinpoint the most budget friendly and eco-friendly 

solutions before putting them into practice (Tao et al., 2019). This potential usage of digital 

twins lessens the duration and expenses linked with product advancement and thus improves 

the general competitiveness of the enterprise. 

 

2.3 Key Performance Indicators for Measuring Sustainability of Supply Chains & 

Business Models 

 

In today's evolving and resource limited business landscape the incorporation of Key 

Performance Indicators (KPIs) into evaluations of sustainable business practices is not just a 

strategic benefit but a crucial requirement as well. These KPI metrics play a vital role in helping 

organisations quantify, measure and monitor their sustainability endeavours to ensure they are 

in line with both business goals and stakeholder expectations. By using KPIs, organisations 

can precisely gauge sustainability efforts which leads to informed decision making, structured 

improvement initiatives, transparency and accountability in corporate sustainability 
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endeavours. Customised KPIs enable organisations to adjust and monitor evolving trends in 

line with industry standards and assess their advancement towards goals. This ability aids in 

implementing modifications to their strategic planning for long term success by making short 

term adjustments to reach their sustainability objectives in the long run (Searcy, 2012). For 

example, when a company monitors its electricity usage in plant units using specific 

performance indicators to gauge it over time, it can observe the trends over a significant 

duration of time. Reviewing and compiling a report concerning this can assist the leadership in 

recognizing areas for enhancement by sources of significant electricity consumption 

throughout the entire supply chain, if there are abnormal increases. This can benefit the 

company in reversing the trend, conserving electricity through efficient cost saving strategies. 

This helps the organization stay true to its promise of promoting sustainability. Measuring 

sustainability levels of business models with KPIs not only helps in assessing performance but 

also offers clear visibility and openness to all stakeholders involved, particularly those who are 

not directly engaged in the daily activities of the company. Quantifying performance allows 

evaluation by everyone ranging from investors and customers to regulatory bodies when 

determining how well the firm aligns with sustainability benchmarks. It also allows to establish 

confidence in the system and instil a positive reassurance among stakeholders by utilising key 

performance indicators that offer concrete evidence of the company’s economic as well as 

environmental and social influences (Eccles, Ioannou, & Serafeim, 2014).  In sectors like oil 

and gas and automotive industries where sustainability is crucially important for their 

operations success and image in the market landscape, adherence to KPIs and transparent 

reporting plays a significant role in upholding a favourable corporate reputation by ensuring 

compliance with regulations and steering clear of penalties while also positioning them as 

industry frontrunners in sustainable practices. Therefore, KPIs serve as the mechanism by 

which companies can translate sustainability objectives from abstract ideas into tangible 

outcomes that can be assessed, acted upon and documented. Due to mounting expectations for 

businesses to showcase their dedication to sustainability, the importance of KPIs in upholding 

responsibility and fostering enduring prosperity cannot be emphasized enough.  
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2.4 Categories of KPIs for Measuring the Sustainability of Business Models 

 

The durability of business models and consequently that of the supply chains involves a 

procedure that necessitates thoughtful deliberation depending on the nature of the business 

sector and industry to encompass all potential aspects comprehensively. Different key 

performance indicators (KPIs) can be grouped according to sectors and classifications. This 

research delves into a category that holds utmost importance and pertinence, in gauging the 

sustainability tiers of business models based on conducted studies. 

Environmental KPIs 

These Key Performance Indicators (KPIs) assist in quantifying the business's influence on the 

environment and ecological systems. For companies looking to reduce their environmental 

effects and impacts, adherence to international sustainability standards is essential and this can 

be done effectively through the definition, utilization and monitoring of well-established KPIs. 

These indicators prioritize how the company’s different resources are used efficiently, how the 

waste and environmental footprints are handled, and how pollution such as carbon emissions, 

water usage and others are minimized. A set of four significant KPIs were studied under the 

environmental vertical. The most important one among these is the carbon footprint, 

which helps in measuring a company's greenhouse gas emissions in terms of carbon dioxide 

equivalents (CO2e).  It covers direct emissions from owned or controlled sources (Scope 1), 

indirect emissions from the generation of purchased energy (Scope 2), and all other indirect 

emissions that take place in the value chain (Scope 3) (Wiedmann & Minx, 2008). Reducing 

carbon footprint is of utmost importance to all the companies for addressing climate change 

and meeting regulatory requirements. The next most significant KPI that was studied was the 

energy efficiency KPI. Organisations can gauge their energy efficiency by using energy 

efficiency KPI’s which help in evaluating how efficiently energy is utilised to create goods and 

services. Often calculated as the ratio of energy usage (measured in kWhs) to output generated 

(such as revenue or product units). Enhancing energy efficiency helps cut expenses and 

minimises environmental footprint (Patterson 1996). Apart from these two, the water usage 

and conservation KPI was also found to play an important role in defining the environmental 

sustainability aspect of a company. This is used to monitor the water consumption in company 

operations and evaluate the success of water conservation initiatives in place. These metrics 

typically include the amount of water withdrawn for use in operations and processes as well as 
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the amount of water recycled within the system along with water intensity measurements (the 

volume of water utilised per unit of production). These indicators are adopted practices 

according to (Gleick (2003). Finally, the waste management KPI assesses the volume of waste 

produced and the percentage of waste that undergoes recycling or diversion from landfills. 

Examples of this KPI include the amount of waste generated and the rates of recycling along 

with the management of hazardous waste (Ghisellini et al., 2016). 

Social KPIs 

Like the environmental KPI category, the social set of KPIs also play an important role in a 

company’s journey towards achieving sustainability of its business operations and supply chain 

as they help in measuring the business’ impact on the society and the stakeholders. 

Organisations rely heavily upon these performance indicators (KPIs) to establish a strong 

reputation and safeguard their image from potential risks that could impact their overall 

performance and competitiveness in the market space significantly. Focusing primarily on 

labour efficiency practices, community involvement, diversity and inclusivity initiatives 

upholding human rights standards and effective customer relationship management these KPIs 

play an important role in promoting positive social impacts ensuring adherence to ethical 

standards and ultimately enhancing employee and stakeholder loyalty levels. The social sector 

included four sets of KPIs that were studied as significant. These included the employee 

health and safety KPI that assesses the frequency, and the criticality of workplace injuries and 

illnesses occur, using measures like the lost time injury rate (LTIR) and total recordable 

incident rate (TRIR). These metrics are widely employed to oversee workplace safety and 

uphold adherence to health regulations (Robson et al. 2007). The diversity and inclusion KPI 

focuses on tracking the representation of different demographic groups within the workforce, 

including gender, ethnicity, age, and disability status. For example, the percentage of women 

in leadership positions or the overall diversity ratio within the company can be key indicators 

(Konrad et al., 2006). The next identified set of KPIs were the community engagement KPIs 

which help in assessing how engaged an organisation is with the communities and how much 

it gives back to the communities that it serves by looking at factors such as the range of 

community initiatives it backs financially or through employee volunteering time as well as its 

contributions to community growth and improvement (Epstein & Buhovac 2014). Finally, the 

last significant KPI that was studied under the social sector was the human rights compliance 

KPI which measures how well a company follows human rights standards in its business 
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activities and supply chain management efforts. Key indicators might involve evaluating the 

percentage of suppliers reviewed for their adherence to human rights regulations and the 

handling of reported human rights concerns (Schremp Stirling & Palazzo 2016). 

Economic KPIs 

These set of KPIs help in measuring the financial impacts and the long-term economic viability 

of the business’ sustainability efforts. They help the organisations to take appropriate strategic 

decisions for cost management and budget optimization, make informed investment decisions 

to improve the investor confidence and attract capital from them by prioritising the ESG 

(Environmental, Social & Governance) criteria for financial reporting standards. They can be 

used to measure the value creation through sustainability efforts, which can be easily 

communicated to the customers, employees and authorities. These sets of KPIs also help in 

mitigating financial risks associated with factors such as scarcity of resources, changes in 

environmental and economic regulations, and avoid unexpected penalties, fines and operational 

risks. Analysing these KPIs will help the businesses in identifying industries where 

sustainability efforts are valued and hence in achieving a competitive edge and market 

differentiation. Tracking the financial KPIs to measure sustainability drives of the businesses 

can greatly help them in managing financial assets and provide them the leverage and 

opportunity to invest in innovation and new products and services or features to meet the 

changing customer demands. This can, in turn, contribute to a rise in sales and market share 

and revenue growth and benchmark their performance against competitors and the industry 

standards, and identify the improvement areas. A wide set of KPIs were studied under the 

economic vertical of which the most important ones analysed were the Return on Sustainability 

Investment (ROSI) which helps in measuring the financial return on investments that are made 

in sustainability initiatives, such as energy efficiency projects or waste reduction programs and 

the Cost of Poor Environmental Quality which measures the financial impact of environmental 

non-compliance, including fines, remediation costs and land revenue due to reputational 

damage. ROSI is calculated by comparing the cost savings or revenue generated from these 

initiatives against the initial investment (Esty & Winston, 2009). Managing CPEQ effectively 

can enhance both environmental and economic sustainability (Schaltegger & Burritt, 2018). 

The other important KPIs studied in the economic vertical include the supply chain resilience 

KPI that evaluates the resilience of the supply chain when confronted with disruptions, such as 

natural disasters or economic crises. The percentage of suppliers possessing sustainability 
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certifications and the capability of the supply chain to adjust to fluctuations in demand or the 

availability of resources are some of the metrics that may be considered in measuring this KPI 

effectively (Sodhi & Tang, 2012). Additionally, the revenue from sustainable products and 

services tracks the proportion of revenue generated from products and services that comply 

with sustainability requirements, such as environmentally friendly materials or ethical sourcing 

practices. It shows how effectively the company can integrate sustainability trends and 

customer preferences into its business model (Porter & Kramer 2011). The cost savings from 

waste reduction help in measuring the monetary savings obtained from waste reduction and 

recycling initiatives and the operational cost savings aid in evaluating the decrease in 

operational expenses resulting from sustainable practices, such as enhanced utilisation of 

resources. Finally, the most important KPI that can be understood and analysed by all 

stakeholders is the customer loyalty and market share which evaluates how sustainable 

practices and products contribute to customer loyalty and market share growth impacting the 

aspects positively. 

The classification of Key Performance Indicators (KPIs) into social, economic and 

environmental categories presents a thorough structure for assessing the sustainability of 

business models. Each grouping provides perspectives into various sustainability facets 

empowering companies to track their progress across a wide range of sustainability concerns. 

Using a rounded set of KPIs companies can guarantee that their sustainability endeavours are 

all encompassing, precise and in line both with their long-term objectives and the demands of 

their stakeholders. When an organisation focuses on all the KPIs stated under these 4 verticals, 

it directly improves their emphasis on the triple bottom line, which includes the balancing of 

profits, people (social responsibilities) and planet (environmental oversight) (Elkington, 1998). 

This is achieved by implementing circular economy principles, such as designing products for 

longevity, reusability, and recyclability, thereby extending product life cycles and reducing the 

need for new resources (Geissdoerfer et al., 2017). These practices foster trust and loyalty 

among consumers, who are increasingly demanding responsible corporate behaviour. 

Businesses that effectively integrate sustainability into their operations are better positioned to 

respond to regulatory pressures, manage risks, and seize opportunities in emerging markets 

(Porter & Kramer, 2011). 
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2.5 Theoretical Frameworks for measuring sustainability of business models and supply 

chains 

 

The KPIs discussed in the previous section provide a basic outlook on measuring the 

sustainability levels of business models and monitoring their success. However, when used in 

silos, these KPIs are only a theoretical base and do not provide much insight. Hence, it is 

important to integrate them into a well-defined framework suited to the company and the 

industry in which it operates. This would help the companies in forming better insights and 

make informed decisions as per the data and the digital tools. In this context, a detailed analysis 

was done on understanding the existing frameworks for providing recommendations in this 

thesis. The most relatable and useful ones identified among these were the SMART framework 

and the PACT framework. The study first examined the SMART framework and its utilization 

to measure the economic, environmental, social, and governance key performance indicators 

(KPIs) for sustainability. SMART stands for specific, measurable, achievable, relevant, and 

time-bound and these entail the objectives to be attained for each dimension. The study 

examined in detail how to apply the SMART objectives to the KPIs defined under economic, 

environmental and social sectors. The table below summarizes the findings from this analysis. 

 

Table 1. Examples of Supply Chain & Business Model Objectives defined as Measurable KPIs 

Sustainability 

Vertical 
SMART Dimension Business Model 

Objective 

Supply Chain 

Objective Example 

Economic 

Specific Establish economic 

sustainability 

objectives like 

cutting down on 

operation    expenses 

or boosting earnings 

through sustainable 

products 

Cut down on 

operational expenses 

by 10 percent by 

implementing energy 

saving methods.  

 

Measurable Determines 

performance 

indicators, including 

revenue growth, cost 

reductions, or return 

on investment (ROI) 

from sustainability 

projects 

Achieve $500,000 in 

cost savings from 

energy-efficient 

upgrades 
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Achievable Set practical goals 

based on the existing 

processes within the 

company & industry 

Reduce the energy 

consumption by 15% 

over the next two 

years, considering 

current energy use 

patterns 

Relevant Align financial 

targets with more 

general corporate 

and sustainable aims 

Enhance profitability 

by investing in 

renewable energy, 

aligning with the 

company’s 

commitment to 

reduce carbon 

footprint 

Time-bound Establish a precise 

timetable for 

accomplishing the 

financial goals 

Implement cost-

saving measures and 

achieve a 10% 

reduction by the end 

of the fiscal year 

Environmental 

 

Specific 

 

Clearly states goals 

for the environment, 

such as cutting waste 

or carbon emissions 

 

Reduce carbon 

emissions by 20% by 

switching to 

renewable energy 

sources 

Measurable Track environmental 

performance using 

quantitative 

measures, such as 

emissions levels or 

waste reduction 

percentages  

Lower CO2 

emissions by 50,000 

tons annually 

Achievable Set realistic targets 

based on existing 

technologies and 

processes 

Implement waste 

reduction programs 

to cut landfill waste 

by 25% within three 

years 

Relevant Ensure that 

environmental goals 

are in line with the 

organisation's 

sustainability 

strategy and 

regulatory 

requirements 

Reduce water usage 

in production 

processes to comply 

with local water 

conservation 

regulations 

Time-bound Give yourself 

deadlines to meet 

Achieve a 20% 

reduction in 
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your environmental 

goals 

emissions within 

five years 

Social 

Specific Establish objectives 

for social 

sustainability, such 

as raising employee 

happiness or 

community 

involvement 

Increase the level of 

employee 

satisfaction by 15% 

through enhanced 

workplace wellness 

programs 

Measurable Track progress using 

certain indicators 

like employee 

surveys or 

community impact 

assessments 

Improve employee 

retention rates by 

10% over the next 

year 

Achievable Set realistic social 

goals based on 

current 

organizational 

capacity and 

resources. 

Expand community 

outreach programs to 

engage 1,000 more 

participants annually 

Relevant Validate that the 

organization's values 

and stakeholder 

expectations are in 

line with the social 

aims 

Enhance diversity 

and inclusion 

programs to better 

reflect the 

community we serve 

Time-bound Set clear deadlines 

for achieving social 

targets 

Implement new 

employee wellness 

initiatives within six 

months 

Source: (Ogbeiwi, 2017) 

By using the SMART framework to assess all the aspects, businesses can efficiently gauge and 

control their sustainability efforts spanning economic, environmental, social and governance 

factors. Nonetheless, SMART goals might lack a forward-thinking approach geared towards 

long term success in their perspective. As such, the thesis encourages organizations to enhance 

their goals by making them smarter through integration with one of the other frameworks which 

was studied and analysed, namely, the PACT framework. This approach can be seen as an 

expansion and betterment of the SMART framework. When combined they will support the 

company in pursuing ongoing development and achieving holistic success. In conclusion, a 

SMART goal emphasizes the results while the PACT method directs attention towards the 

output thereby encompassing the entire situation. PACT stands for Purposeful, Actionable, 

Continuous, and Trackable, the four factors that make for great goals. The goal should be 
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purposeful, that is, meaningful to the business’ long-term purpose, not just relevant for present 

circumstances. When a goal is aligned with the vision, mission and the objectives of the 

business, the goals become more meaningful and sustainable. A good goal should be 

actionable, that is, it should be based on outputs and tasks that are within the scope of the 

business and should be controllable. The idea is to shift the mindset from distant outcomes in 

the future to present outputs that the organisation can control and are within their reach, acting 

today rather than overplanning for tomorrow. It is of utmost importance that the actions taken 

towards the goal are repeatable and simple. Most of the goals set by organisations are not 

achieved because of what is called a choice paradox. This happens when there are so many 

options to choose from that they end up spending more time doing research than actually doing 

stuff that will help with the progress towards the objective. The good thing about continuous 

goals is how flexible they are. What businesses need to do is to get started, and as they learn 

more, they can adjust and adapt their approach. Hence, it involves continuous improvement 

which eventually helps in reaching a supposed end goal. Sometimes, statistics can be overrated 

and may not be relevant to various types of objectives. Therefore, when it comes to KPIs, it is 

crucial to adopt a straightforward yes or no method for tracking goals. For instance, ‘Have you 

reduced operational costs by 15% within two years by implementing energy saving measures 

and waste reduction?’ The answer is a yes or no which simplifies the tracking progress. 

The SMART and PACT frameworks complement each other effectively. The use of these in 

synergy can help businesses to yield optimal outcomes when utilised together. By employing 

these frameworks companies can pinpoint challenges and objectives through a prioritization 

method that aids in concentrating on vital tasks. Upon identifying the paramount tasks that 

closely align with their goals organisations can assign priority to these tasks and channel a 

majority of their efforts towards completing them before addressing the smaller, less critical 

ones. An example of a goal for a sustainable business model using both the SMART and PACT 

frameworks is described to understand the combination better. If the goal is to reduce the 

energy consumption in operations, the SMART framework defines it as: a) Specific: reduce 

energy consumption in manufacturing facilities by implementing energy-efficient technologies 

and practices, b) Measurable: achieve a 20% reduction in total energy consumption compared 

to the baseline levels from the previous year, c) Achievable: implement LED lighting, upgrade 

insulation, and invest in energy-efficient machinery within the existing budget and resource 

capabilities, d) Relevant: supports the company’s commitment to sustainability and cost 

reduction, aligning with our broader environmental objectives, e) Time-bound: complete the 
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implementation of energy-efficient measures and achieve the 20% reduction by March 31, 

2025. Combining this with the PACT framework, the goal is defined in a well-established and 

goal-oriented format. For instance, the goal should be a) Purposeful: aligns with long-term 

strategy to minimise environmental impact and reduce operational costs, reinforcing our 

commitment to sustainability, b) Actionable: implementing energy-efficient equipment and 

lighting, conducting an energy audit, and educating employees about energy-saving 

techniques, c) Contextual: the goal addresses assuring compliance and leadership in 

sustainability, which takes into account the current environmental requirements and industry 

standards for energy efficiency, and, d) Trackable: progress will be tracked through monthly 

energy consumption reports, regular audits, and quarterly reviews to ensure milestones are met 

and adjustments are made as needed. Hence, for this goal, the combined SMART and PACT 

statement would be: Reduce energy consumption in manufacturing facilities by 20% by 

December 31, 2025, through the implementation of energy-efficient technologies and practices 

like LED lighting, upgraded insulation, and modern machinery. This objective is meaningful 

because it advances our sustainability plan, is doable through targeted training and actions, 

relevant because it complies with legal requirements, and measurable because it can be 

monitored by quarterly and monthly reporting. 

The SMART framework measures success using metrics that're mostly beyond direct control 

scope; meanwhile the PACT approach prioritises long term advancement instead. This 

integrated framework guarantees that the objective is not just specific, reliable and time 

sensitive but also purposeful, contextual and traceable enabling a holistic sustainability 

strategy.  

 

2.6 Practical Challenges in Measuring the Performance of Sustainable Business Models 

Using Frameworks 

 

The frameworks mentioned in the previous section provide valuable guidance on identifying 

and tracking key performance indicators (KPIs). However, when it comes to the practical 

implementation, companies often face significant challenges. A few of these challenges might 

have the potential to undermine the effectiveness of sustainability measurement and hence, 

they stand in the way of the organization from seamlessly achieving their sustainability goals. 

Hence, it is important that the organizations plan to tackle these challenges. Data availability 



   
 

 
 

44 

and quality is one of the primary challenges in measuring the performance of sustainable 

business models is the availability and quality of data. Theoretical frameworks such as the 

Global Reporting Initiative (GRI) or the Carbon Disclosure Project (CDP) rely heavily on 

accurate and comprehensive data to generate meaningful insights. However, when it comes to 

reality, most of the organisations struggle to collect consistent and reliable data. This is 

especially true in the case of multi-national companies that operate across multiple geographies 

and deal with complex supply chains (Burritt & Schaltegger, 2010). It can be difficult for 

organisations to assess their actual sustainability performances if the data that they deal with is 

incomplete or inaccurate, as it can lead to misleading KPI results. This will make it challenging 

for the companies to make informed decisions. For instance, measuring 'Scope 3' emissions, 

which includes the indirect emissions also, from the whole value chain (known as ‘Scope 3’ 

emissions), often requires data from suppliers who may not have reliable reporting systems in 

place. The total sustainability performance evaluation may be skewed as a result of under- or 

overestimating emissions due to this lack of data openness (Downie & Stubbs, 2013). The next 

significant challenge is the alignment of frameworks with business practices. It is often a 

challenge for organizations to match up their frameworks with the specific operations and 

business practices they have in place. Many sustainability frameworks are designed with an 

approach that may not fully account for the unique situations of different companies or 

industries (Morioka & Carvalhos work in 2016). This misalignment can result in KPIs that are 

not entirely relevant or applicable to a particular business, leading to difficulties in measuring 

performance accurately. For example, a manufacturing firm could discover that some 

environmental key performance indicators highlighted in a framework – like minimising water 

consumption – may be less crucial to its day-to-day activities when compared to energy 

conservation or waste handling. This could lead to challenges for the company in customising 

the framework to align with its sustainability goals ultimately diminishing the efficiency of the 

evaluation procedure. 

The next important challenge that was identified is the complexity of integrating multiple 

frameworks. Organizations often find it necessary to combine theoretical models to fully grasp 

sustainability performance across environmental aspects as well as social and economic 

factors. However, the complexity of multiple frameworks can pose real world obstacles, 

especially when each framework comes with its own set of methods, metrics and reporting 

guidelines (Schaltegger & Burritt 2018). The effort required to harmonise these variations may 

result in added tasks, resource distribution dilemmas and inconsistencies in reporting practices. 
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A company might choose to utilise the GRI Standards for detailed sustainability reporting and 

incorporate the SASB framework to satisfy the demands of investors simultaneously. The task 

of reconciling the varying priorities and metrics from these guidelines could prove challenging 

as it may result in conflicting approaches for measuring and disclosing sustainability 

achievements. The dynamic nature of sustainability issues is also a challenge faced by 

companies. The realm of sustainability is always responsive to various factors like regulatory 

shifts and market trends that shape it continuously over time. It is a challenge for established 

frameworks to keep pace with these changes because they might not encompass the recent 

sustainability concerns or developments (Baumgartner & Ebner 2010). Consequently, 

companies may discover that the key performance indicators suggested by these frameworks 

are no longer up to date or adequate for addressing present day sustainability hurdles. For 

example, the growing focus on biodiversity and ecosystem services may not be adequately 

reflected in older sustainability frameworks, which traditionally emphasised more established 

metrics such as carbon emissions or energy use. Organisations that solely depend on these 

frameworks may miss critical aspects of their sustainability performance, leading to an 

incomplete assessment. Companies also face resource constraints in the real-world application 

of theoretical models for assessing sustainability performance. Lack of resources poses a major 

obstacle. Setting up and upkeeping a thorough sustainability assessment system demands 

significant financial resources, manpower and technological investments. Small and medium 

sized enterprises (SMEs) especially face challenges because of limited resources to fully 

integrate these frameworks which result in gaps in sustainability measurement and reporting 

(Johnson & Schaltegger 2016). Moreover, businesses may face challenges with resources when 

operating in regions with restricted access to technology or expertise required for assessing 

sustainability. These challenges may hinder companies from tracking their sustainability 

advancements thereby reducing the effectiveness of their sustainability initiatives.  In the real-

world application of sustainability assessment methods comes the hurdle of limited resources. 

Making sure a robust sustainability measurement system stays up running demands quite a bit 

of financial backing along with skilled manpower and technical support in abundance. For 

small and medium sized businesses (SMEs) this lack of resources could stand in the way of 

fully embracing these frameworks which could result in incomplete sustainability measurement 

and reporting practices (Johnson & Schaltegger, 2016). 

 



   
 

 
 

46 

2.7 An outlook on how leading companies have customized solutions for addressing and 

overcoming the challenges of using theoretical frameworks  

 

Using theoretical frameworks to assess the success of sustainable business models comes with 

its own set of challenges in real world implementation. Issues related to data availability and 

quality, alignment with business practices, the complexity of integrating multiple frameworks, 

the dynamic nature of sustainability issues, and resource constraints can all hinder the 

effectiveness of sustainability measurement. Organisations must tailor these frameworks to 

their individual circumstances to effectively monitor their advancement toward sustainability 

objectives and make well informed choices that promote long term prosperity. Some major 

international organisations have attempted to tackle these issues by developing tailored 

frameworks for assessing the sustainability of business models and monitoring and reporting 

their progress effectively. This approach aligns with the SMART and PACT frameworks 

overall which can be tailored to fit the specific industry and business type of the organisations 

involved in order to optimise the potential benefits. These various frameworks developed by 

companies are customised to meet their needs and operational environments in order to 

approach sustainability more effectively and precisely. They integrate industry standards and 

cutting-edge technologies to help companies tackle their sustainability issues efficiently. A few 

examples of real-world frameworks used by firms to assess the sustainability of their business 

models have been studied and are explained below. 

Unilever, one of the world’s largest consumer goods companies, created the Unilever 

Sustainable Living Plan (USLP) in 2010 to steer its efforts towards sustainability 

comprehensively. The USLP strives to separate the company's growth from its environmental 

footprint while also boosting its positive social influence. It focuses on three objectives which 

include better health and wellness practices, reducing environmental harm and improving 

livelihood opportunities. The USLP comprises a set of targets in categories like health and 

hygiene, reduction of greenhouse gas emissions, water use, waste reduction as well as 

sustainable sourcing efforts and improving the lives of millions of people. Each of the targets 

involved is backed with particular KPI indicators that are regularly monitored and reported 

each year. Unilever finds the USLP to be extremely valuable as it matches the company's 

business goals and brand mission perfectly. By incorporating sustainability, at the heart of its 

activities Unilever can foster growth and tackle environmental and social issues 

effectively.  (Rangan et al., 2015). Unilever evaluates its performance under the USLP by 
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monitoring the proportion of sourced raw materials used, the decrease in greenhouse gas 

emissions throughout its supply chain and the individuals benefiting from their health and 

hygiene initiatives. These metrics are documented in the company's sustainability report and 

undergo scrutiny by external auditors. Similarly, IKEA, a global home furnishing retailer, 

introduced the People & Planet Positive Strategy as its framework to prioritise sustainability 

efforts by aiming to make a difference for both people and environment through making 

changes in its entire operational process. From material sourcing to product disposal at the end 

of its lifecycle. The launch of this initiative in 2012 signifies IKEAs commitment to achieve 

its vision of becoming climate positive by 2030. The People & Planet Positive Strategy is 

designed with three areas of focus in mind; inspiring and empowering millions of customers to 

embrace a more sustainable lifestyle within their homes; striving towards self-sufficiency, in 

resources and energy; and advocating for equitable and inclusive business practices. Each focus 

area is accompanied by objectives and key performance indicators (KPIs) that IKEA uses to 

track its advancement. The framework is useful for IKEA because it is closely woven into the 

company's business model and operations. It aligns with IKEAs dedication to providing 

affordable, sustainable products while minimising its environmental impact and advocating for 

social equality (Engström & Johannesson, 2018). IKEА follows the People & Planet Positive 

Strategy to monitor how much of its cotton and wood comes from sustainable sources and to 

track the energy used in its stores and supply chain as well as the progress of renewable energy 

projects implemented by the company۔ These measurements are presented in IKEАs 

sustainability report and serve as a blueprint for its upcoming sustainability initiatives. 

Another example that was studied was Nike’s Move to Zero initiative, a step towards creating 

a future with zero carbon and zero waste. This initiative is a part of Nike’s sustainability 

strategy and environmental commitment to reduce the impact of their products through 

innovation in sustainable materials and design practices. Nike’s initiative "Move to Zero" sets 

out bold goals for the future. These goals include cutting carbon emissions in the company's 

supply chain by 30 percent by 2030 and aiming for zero waste in Nikes direct operations while 

transitioning to entirely renewable energy in its owned facilities by 2025. Additionally, the plan 

emphasizes the importance of using materials which are sustainable like recycled polyester and 

organic cotton in Nike's product line (Nike annual report, 2020). Nike’s Move to Zero initiative 

resonates with the company's commitment to innovation and performance goals. By prioritising 

sustainability Nike can set its products apart in the market, satisfy the demands of 

environmentally conscious customers and cut down on its operational expenses. (Kiron et al., 
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2013). Nike keeps tabs of the amount of sustainable materials incorporated into its merchandise 

as part of their sustainability efforts and analyses the decrease in greenhouse gas emissions 

along their supply chain. They also monitor the volume of waste diverted from dumping sites 

as a measure of environmental impact reduction. These metrics are reported in Nike’s annual 

sustainability report and are used to guide the company’s product development and operational 

strategies. 

These real-world frameworks show how top companies measure and oversee the sustainability 

of their business models in action. Each framework is customized to fit the requirements and 

objectives of the company behind it ensuring that sustainability is woven into their day-to-day 

activities and plans. Through embracing these custom approaches these companies not only 

boost their sustainability efforts but also establish new standards for others in the industry to 

follow. 

 

2.8 Challenges faced by companies for achieving a sustainable synergy among Digital 

Technologies, Supply Chains & Business Models 

 

The research mainly focused on exploring the significant advantages achieved through the 

incorporation of digital technologies into sustainable supply chains. It was also important to 

analyse the obstacles and hurdles that can make the implementation process tricky for 

organizations and impede progress towards sustainability goals. The major challenge that was 

observed was the concern about safeguarding data privacy and security risks associated with 

adopting technology as well as the substantial upfront financial investments required for 

technological initiatives. As businesses depend more on resources, for gathering and processing 

extensive data sets and sharing them the safeguarding of this data emerges as a crucial 

issue. Incorporating advancements like the Internet of Things (IoT), blockchain technology and 

big data analysis often requires gathering sensitive details regarding supply chain processes 

and customer relationships as well as employee actions. This information may include business 

intel, data about individual customers and confidential agreements with suppliers. 

Safeguarding this data from access, breaches and misuse presents a notable obstacle especially 

in the face of changing data protection laws such as the General Data Protection Regulation 

(GDPR), in the European Union (Zhang et al., 2019). The interconnectedness of digital 

technologies can make them vulnerable to security breaches that cybercriminals might take 



   
 

 
 

49 

advantage of easily for malicious purposes. For instance, IoT gadgets utilised in tracking supply 

chain operations could get infiltrated by hackers. This could result in data manipulation or 

operational disruptions (Atzori et al., 2010). Although blockchain technology is typically 

secure it isn't completely safeguarded against risks like 51% based attacks or flaws in contracts. 

Companies need to prioritise investing in cybersecurity protocols to safeguard their online 

systems and data, building and maintaining a digital infrastructure that can be both complex 

and costly (Kshetri, 2017). Compliance with Data Protection Regulations: Navigating the maze 

of data protection laws in regions presents an additional challenge for businesses with 

operations spanning in different jurisdictions. They must juggle compliance with a range of 

regulations while also keeping their digital supply chain operations agile and effective. Any 

failure in meeting these requirements could lead to fines and can harm the company's reputation 

(Nunan & Di Domenico 2013).  

The effective incorporation of digital technologies into environmentally friendly supply chains 

relies not just on the presence of technology but also on the preparedness and openness of the 

company and its employees to embrace these advancements fully. Adopting technology poses 

obstacles such as managing transformations effectively, enhancing skills and knowledge levels 

and overcoming resistance to change. Incorporating the digital technologies into current 

systems may pose technical difficulties in cases where older systems are obsolete or don't mesh 

well with modern digital solutions. This could lead to disruptions in operations, data 

discrepancies and higher expenses. For instance the integration of a blockchain system, with a 

conventional enterprise resource planning (ERP) system might necessitate custom 

development and thorough testing to guarantee smooth data transmission and operational 

effectiveness (Saberi et al., 2019). The upfront expenses linked to integrating digital 

technologies into sustainable supply chains may pose a significant challenge for small and 

medium sized enterprises. These expenditures may encompass investing in hardware and 

software systems as well as creating tailored solutions and recruiting skilled workforce. Digital 

tools like IoT sensors and blockchain systems along with AI powered analytics and digital 

twins demand significant financial backing to be implemented effectively within a business 

setting. The expenses associated with these technologies can differ greatly based on how they 

are implemented and the intricacies of the supply chain as well as the unique requirements of 

the organization. Small and medium enterprises (SMEs) often find these costs to be an obstacle, 

in embracing these technologies as they struggle to keep up with larger corporations that have 

more financial resources at their disposal (Porter & Heppelmann 2014). In addition to this, 
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companies need to keep in mind not only the initial investment but also the continuous expenses 

associated with managing and enhancing their digital technologies such as software updates 

and hardware replacements as well as ongoing technical assistance requirements that might 

accumulate over time. Especially, with the constant evolution of technology and introduction 

of new features these costs can add up (Ross et al., 2016). 

In summary, incorporating these technologies into supply chains comes with various hurdles 

and obstacles that companies need to overcome in order to succeed in their endeavours. These 

challenges can impede the utilisation of digital tools. To tackle these issues effectively 

necessitates an approach encompassing strong cybersecurity measures, strategic organisational 

changes, focused investments in technology and expertise and meticulous planning to 

guarantee consistency, compatibility and scalability. By overcoming these obstacles businesses 

can unleash the potential of digital technologies to promote sustainability and bolster their 

competitive edge. The intersection of advancements with supply chains and sustainable 

business models marks a significant change in how companies function and compete. This 

comprehensive strategy enables businesses to enhance effectiveness, equity and eco 

friendliness by recognizing and utilising the interconnectedness among these components. This 

holistic approach not only addresses immediate operational challenges but also contributes to 

broader societal and environmental objectives, ensuring long-term business success in a rapidly 

changing world. 
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CHAPTER THREE 

Research and Sampling Methodologies  

 

The third chapter discusses the research methodologies employed to analyse the synergy 

among the business models, their supply chains and achievement of sustainability through the 

use of digital technologies for different organizations. It further describes the method used for 

finding the samples which serve as the illustrative examples for the thesis and establishes the 

scope of the research for better clarification. The chapter is concluded by providing the analysis 

method and the detailed structure of the analysis used for each illustrative example that was 

studied in the research. 

 

3.1 Research Methodology 

 

Examining the gathered data from the secondary research studies made it possible to evaluate 

the implementation of digital technologies in today’s business operations and identify the 

similar patterns and anomalies among the theoretical studies and the practical solutions 

designed and used by companies. These instances provide illustrations of how theoretical ideas 

are put into practical use as strategies to connect theory with real world applications. This 

strategy not just clarifies the doubts surrounding tech but also pinpoints effective methods that 

can be implemented across different business settings (Wamba et al., 2020). Moreover, they 

shed light on the difficulties in incorporating these advancements such as concerns regarding 

data privacy and technology compatibility along with significant upfront investment needs 

(Kshetri, 2017; Min, 2019). Consequently, real life scenarios play a role in propelling not just 

academic comprehension but also hands-on execution of sustainable business strategies, in this 

era of digitalization. 

Each research method chosen for this thesis has different roles and is selected based on the 

research objectives as well as suited to the nature of the study, to ensure accurate and reliable 

outcomes. The research approaches utilized in this investigation are grouped according to their 

intended use and characteristics and are qualitative in nature. It focuses on exploring 

phenomena through non-numerical data and aims to understand concepts, experiences, and 

social contexts by gathering in-depth insights from the selected organizations. The qualitative 

research methods utilized can be broadly grouped into three major categories, namely, case 
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studies, secondary research surveys and data and statistics-based analytical research. The first 

and major part of the research was performed through case study analyses which involved an 

in-depth analysis of illustrative examples of 5 international organizations to explore complex 

issues usually faced by companies today and how they are tackled digitally to achieve 

sustainability in the operations. The secondary research surveys method was used to collect 

data on attitudes, opinions and mindsets from the chosen list of companies and their business 

leaders and, in some cases, the collective result of the impact on their business models and 

indirectly their stakeholders. Finally, a mixed approach of combining the data and insights 

using a structured format specific to the industry and organization was used as a technique to 

analyse data and identify relationships or trends and answer the research questions. It was used 

in the study to examine relationships (differences and similarities) between variables and 

drawing informed conclusions with contextual insights based on evidence. In most of the case 

studies and business papers analysed, qualitative data was collected simultaneously with 

quantitative data, wherever available, and compared to validate and cross-verify results. The 

qualitative data was collected and analysed first, followed by quantitative data to explain the 

qualitative based findings. 

 

3.2 Sample Selection 

 

The approach taken to select the companies and decide on the sample size for the research 

study were: 

a) Relevant Experience: The organizations must have leveraged innovative digitalization 

methods in their daily practices or operational processes, with business leaders as well as 

professionals who can offer valuable perspectives based on real world scenarios and hurdles 

that they encounter. They must have undertaken projects with strategic relevance to the thesis 

research objective, that is, integrated digital technologies into their supply chains or operations 

within the past decade and must be actively engaged in the application of the technology 

process or provide significant insights into its effectiveness. 

b) Leading Position in the Respective Industries: The companies must be leaders in the present 

or in the past in the respective industry in which they operate in and serve as a role model to 

the other organizations in terms of digitalization and sustainability targets tied to their 
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achievements. They must have excelled in their field and have experience in utilizing and 

applying digital technologies. 

 

c) Diverse applications and large operations scale: To capture diverse perspectives, the 

companies must be operating globally, in all the major developed countries, with diverse 

applications and a large customer base and must have industry professionals with wide 

experience. 

Based on these criteria, a list of four multinational organizations spanning various sectors were 

selected for the study. The sample size was maintained as four to gather a wide array of real-

life illustrations while delving deeply into the examination of each individual illustrative 

example. The selection was done with a focus on achieving a balance among the major sectors, 

such as manufacturing, retail, and logistics, to obtain a holistic perspective on technology 

utilization. All the organizations chosen are leaders in their respective industries and have been 

in the field for more than a decade as well as adopted quickly to the modern digitization 

methods of operating in a timely manner.  Regarding their operation scale, they operate in all 

the major countries in the world with a large customer and client base, thus allowing for a 

diversified and comprehensive exploration basis. Three companies were studied individually 

without comparisons. The study of one company was done as a comparison with another 

laggard company in the same field which tried implementing digital technologies into the 

business models and failed due to late entry because of the failure to incorporate digitalization 

into their working mindset to transition into sustainability. This company was chosen to 

represent the lack of experience or involvement in the application of digital technologies. 

The chosen sample sizes allowed for detailed exploration of individual cases of the selected 

companies and expert perspectives while ensuring sufficient data for statistical analysis and 

generalizability. By limiting the number of companies studied to four, a comprehensive 

exploration of key players in various digital technologies was ensured thereby serving as an 

enabler to address research questions thoroughly and with expert insights. The companies 

which had the digitalization plans in their pipeline only in theoretical terms or pilot studies but 

without real-world applications were excluded from the research. 
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3.3 Scope of the Research 

 

The research was limited to studying the companies and their operations with respect to the 

digital methods adopted towards efficient operations in short and long-term. However, it is 

important to note that this thesis does not address areas that delve deep into the technical 

advancements or engineering elements of digital technologies like programming or hardware 

design of IoT devices or blockchain platforms. It also does not explore the socio-political 

consequences of digital technology integration such as regulatory shifts or geopolitical aspects 

unless they are directly linked to sustainability within supply chains. The study does not 

consider specific economic metrics such as evaluating the cost effectiveness of technology 

investments or examining the financial outcomes after adopting them; instead, it concentrates 

on broader trends and qualitative effects linked to sustainability while setting clear limits to 

stay focused on these sustainable impacts.  

3.4 Structure of Analysis 

 

The illustrative analysis on the organizations was done in a structured approach, beginning with 

the study of the traditional approaches used by them for the supply chain management and 

business operations, following which a deep dive is presented on the factors and events 

identified by them that eventually led to their digital transformation process and the rise of 

disruptive supply chain models. An overview of the projects undertaken and their way of 

implementation from a high-level is described to provide a basis for understanding the pace at 

which they moved from the need identification stage to the development of an advanced 

digitally driven business model, which also helps in analysing the findings and comparisons 

on the existence of their successful sustainable business models as of today. This also aims to 

address the challenges faced and the broader management strategies adopted by the companies 

towards how they tackled the digitalization prioritization proactively, which, if applied to other 

industrial contexts, can indirectly help the emerging organizations in adapting their approach 

at an early stage. The findings also help us to understand how these companies have always 

kept the emerging and potential future trends in mind while developing their business models. 

An individual analysis of the case studies and a combined data analysis for all is presented, 

thus allowing for the identification of common themes regarding sustainability, optimization, 
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incorporating the emerging trends, the adoption of new technologies in the supply chain and 

business models, and the impact of global digital shifts. 
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CHAPTER FOUR 

Illustrative Examples of Supply Chains and Sustainable Business Models using Digital 

Technologies 

 

The fourth chapter, which is the concluding chapter of this thesis, will reiterate on the gaps in 

the research and literature reviews presented in the first two chapters by emphasizing the 

analysis of the outcomes of the organizations that employed digital technologies at the right 

time to maximize the sustainability of their supply chain management and business models. 

Addressing this gap is essential for companies looking to build resilient, sustainable supply 

chains that are aligned with the global shift towards sustainability and responsible business 

practices. In order to provide a fair comparison, a part of the chapter also focuses on an 

organization that failed to adapt to modern technologies and the outcomes faced by the 

company in response to this delayed action. With the findings presented through this chapter, 

the thesis aims to provide an overview of the digital and technologically sound actions taken 

by companies, and link this to the analyses and discussions on the subject in the previous 

chapters. These examples offer valuable insights on the practical hurdles and accomplishments 

linked to digital transformation, thus providing guidance for companies aiming to utilize 

technology for sustainable progress. 

The chapter serves as a sync between the theoretical world and the practical real-world 

examples of sustainable business model achievements. These examples provide an in-depth 

understanding of the most modern solutions that the companies use presently and their 

adaptations from the traditional outlook that guided their older business models. The 

exploration has been studied from the point of view of organizations across different industries 

primarily through secondary research methods with a primary focus on case studies, thereby 

providing inputs and analyses from different angles, which can be compared to understand the 

similarities and anomalies of the same subject among various industries. Through these case 

study analyses, the aim is to arrive at a conclusive and comparative study on how multinational 

companies have successfully incorporated digital technologies, thereby improving efficiency, 

reducing environmental impact, and enhancing social responsibility, and their counterparts who 

did not fare well in the transition towards sustainable business models. The chapter concludes 

with an outline on the conclusions and recommendations derived from the findings and 

analyses, with suggestions for future research and how businesses can gain insights into the 
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practical application of digital innovations and identify best practices that can be adopted by 

other organizations aiming to advance their sustainability goals. 

 

4.1 Illustrative Example 1: General Electric’s Digital Transformation and Sustainability 

Journey 

 

General Electric (GE), which was established in 1892, has long been a pioneer in the industrial 

sector. It has a history of innovation within the industrial sector and has successfully integrated 

digital technologies in recent times to stay ahead in the market and promote sustainability 

practices effectively. By utilizing cutting-edge solutions like the Industrial Internet of Things 

(IoT) analytics tools for data analysis and artificial intelligence (AI) GE has revolutionized its 

business processes and product offerings. The examination of GE’s use of digital technologies 

showcases the company’s dedication to innovation and sustainability as it strives to lead the 

industry and meet the increasing demand for environmentally responsible practices. This study 

explores the impact of GE’s range of products and its dedication to technological innovation 

in establishing its importance in various essential sectors that influence the evolution of 

worldwide infrastructure and industrial growth over time. By analysing GE’s approaches to 

supply chain management and assessing the results of its progressions in different areas of 

operations, the study seeks to pinpoint the key elements influencing its differing levels of 

achievement in attaining sustainability and effectiveness in managing its supply chain and 

overall business strategy.  

GE focuses mainly in the industrial sector, covering areas such as aviation, power generation, 

renewable energy and healthcare and its offerings are widely used across multiple sectors, such 

as aviation, healthcare, energy and digital industries. It operates in regions around the world 

and is a leading player in the aviation industry known for producing jet engines and various 

aerospace parts that contribute to improving fuel efficiency and performance levels in aircraft 

technology. In power generation, GE provides solutions for renewable energy sources, from 

gas turbines to wind turbines, playing a vital role in meeting the global energy demands 

sustainably. The company has also made strides in the healthcare sector by offering cutting-

edge medical imaging and diagnostic equipment that not only elevates patient care but also 

fosters advancements in medical innovation. It is undoubtedly the unique business model 

adopted and innovated continuously over the years that has made it possible for GE to 
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streamline its operations across various sectors on such a big scale. GE’s business 

model approach emphasizes a blend of innovation, sustainability, and ethical practices using 

digital technologies, mainly, digital twins and IoT across its supply chain to promote 

sustainability across economic, environmental, social and governance sectors. 

Impact of Trigger Factors and the Need Identification for Digitalization  

GE had long been following its traditional supply chain model like the other companies 

operating in the same field, and the study identified a few events and factors that drove GE 

towards its digital transformation journey. These primarily include a few failures that GE 

experienced in aviation and power generation sectors including turbine failures, unexpected 

downtimes, high maintenance costs and reduced aircraft availability, thereby highlighting the 

necessity to implement predictive maintenance solutions. Moreover, with the competitors such 

as Siemens and Honeywell already starting to focus on digital solutions, the competitive 

landscape and the customer and client requirements regarding service offerings and equipment 

performances became the immediate driving forces behind GE’s change of operational 

approach. These events triggered GE to identify the critical need to push for its digital 

transformation journey and embrace digitalization as a core component of its supply chain and 

business model. Additionally, GE had already launched its Industrial Internet initiative, for 

combining advanced analytics and industrial machines, which highlighted the potential of 

leveraging the opportunity of connecting machines to the digital world. GE recognized that its 

vast data resources from its industrial machines could be leveraged more effectively. GE saw 

the potential to implement the use of the digital technology of digital twins to simulate real-

world conditions, allowing for better data-driven decisions and began the strategic 

implementation of digital twins in response to the industry challenges and market demands.  

Proactive Decision-Making and Implementation Approach 

GE introduced its cloud-based platform named the Predix platform as a service for the 

Industrial Internet, connecting machines, data, people and other assets. This platform aimed to 

leverage data from machines and create digital twins, allowing GE to monitor performance and 

optimize operations. Digital twins built by GE had sensors which collected data that would 

then be incorporated into the digital model, and they were a part of the physical design. As 

examined earlier in the research, a digital twin is a digital model of a physical object. The 

physical object has sensors which send data to the digital model. The digital model is employed 
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to comprehend and analyses the functionality of a machine or system. The digital model was 

built in a way that it would be continuously updated with sensor data. A digital twin, on the 

other hand, incorporates real-time data from the physical world through sensors in the real 

model. In this way, the digital and physical are connected. GE employed the use of digital twins 

in its aircraft engine industry, by developing digital twins for the engines it manufactures. Built 

into each engine are hundreds of sensors that record data about the temperature, stress, fuel 

consumption, speed, and other forces and factors. This data is continuously transmitted and 

incorporated into a digital twin of that unique engine. Digital Twins was the name created by 

General Electric to identify the digital copy of an engine manufactured in their factories and 

are now a reality in several industries. GE used IoT to connect the physical engine to the digital 

model. GE has complex high-performance systems which require a lot of maintenance and 

hence, it was important that the downtime be managed carefully and minimized. Through this 

implementation, GE could monitor the performance of the engine and use this data to improve 

the performance, efficiency, as well as identify potential problems, all in real time. If they 

identify an issue in the digital model, they can alert the aircraft maintenance crew to investigate 

or repair it. In this way, they optimize their maintenance and reduce costly unplanned repairs 

and downtime. 

Efficient Management Practices for a Resilient Supply Chain and Business Model 

The digital twins help GE even today to predict wear and tear on engine components 

proactively and help in continuous monitoring to identify any possible failure very early and 

hence, capture the potential areas for improvements of efficiency. It also helps GE in enhancing 

the maintenance and repair cycles of equipment or machines. All this was possible, thanks to 

the long-term approach adopted by GE, by beginning with a careful examination defining what 

the Digital Twin meant to the company in the first place. The officials defined it as a technology 

that is clearer when defined by the outcomes it is trying to achieve.  Their framework of the 

digital twin was planned to be composed of either engineering technology, which tends to be 

process simulation or 3D models, or operational technology, or information technology.  In the 

end, it was agreed to define their digital twin as focusing on enabling the lifecycle of decision-

making for field service, integrating operational technology and information technology. 
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Figure 4. A glance of digital journey of General Electric.  Source: (Irving, 2019) 

 

Long-term Planning to tackle the Emerging Trends and Future Challenges 

GE established an industrial software firm, GE digital in 2015 under its umbrella, in 

collaboration with Amazon Web Services (AWS). With AWS, GE has revamped their data 

infrastructure across various sectors as an integral part of their goal to enhance the operational 

efficiency and performance analysis of industrial enterprises. With thousands of worksites and 

plants requiring maintenance, on-site monitoring can be cumbersome and costly for engineers. 

This made GE realize the need for a solution for its fleets to leverage technology to 

communicate remotely, monitor performance in multiple locations, and improve efficiency, all 

at the same time. GE Company leaders found the solution to this by reinventing their data 

infrastructure in the cloud. To accelerate the process, GE Digital has been working with AWS 

to enable a universal, cloud-based platform. The AWS Cloud offers GE Digital the ability to 

gather, monitor, analyse, and act on data from anywhere in the world. Beyond operational 

efficiencies, the AWS Cloud also allows GE Digital to deliver an even better customer 

experience by enabling the scalable infrastructure required to leverage ML analytics to generate 

predictive insights. When analysing operations in real time, GE Digital can make instant 

adjustments to boost efficiency and better help local engineers in the field operate wind turbines 

or other technology with the push of a button. This, when combined with the company’s core 

https://arpa-e.energy.gov/sites/default/files/09.%20Irving-APM.pdf
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machine learning technology has been helping GE in creating digital twins for more than fifteen 

years, and GE’s digital twin blueprint (over 300 types) now has millions of asset-run hours 

gone through it.  This allows the customers to get ROI much faster than their competitors. Since 

its development, GE has heavily invested in its digital twin development. In the two years 

following the framework’s release, GE constructed over 1.2 million digital twins which 

generated approximately $600 billion in value for the company and its customers.   

GE Research has always been developing technologies relentlessly to make AI more human by 

giving it a sense of its own capabilities, in a sense, programming it with humility. “Humble AI” 

refers to the capacity to be able to fall back to a known safe operation mode if the algorithms 

fail to recognize the scenario or situation. This Humble AI aims to provide a solution to costly 

consequences such as unexpected equipment downtime and maintenance by predicting 

downtime and allowing operators to focus on proactively maintaining turbines in the field. The 

primary idea behind Humble AI was that models will know their competency and areas where 

they have a high degree of confidence. Ultimately, the promise of humble AI is that it can offer 

speed to value quicker with less business risk. Although GE has also asserted that this has 

delivered significant business outcomes for both GE’s businesses and customers, our secondary 

research was unable to find specific client use-cases with stated improvements to their 

operations. 

 

Figure 5. Example of GE’s Predix dashboard for equipment. Source: (Jarrell, 2021) 

Impacts based on the Decisions and Actions Taken 

https://emerj.com/ai-sector-overviews/ai-at-general-electric/
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GE Digital utilizes machine learning to assist its clients in reaching their goals through a Digital 

Twin library—a process that can be up to 75% speedier in certain situations—while also cutting 

down on reactive maintenance tasks by as much as 40 %within a year's time frame. Moreover, 

the implementation of machine learning solutions is proving beneficial for GE and its clients 

in curbing carbon emissions and minimizing energy wastage on the grid. Rather than physically 

going to a plant or work site to monitor performance, employees can simply log onto the cloud 

to see how a client’s asset is running. 

 

Figure 6. Customer benefits through GE’s implantation of digital twins. Source: (Irving, 2019) 

Operational expenses often cause concern within the industrial sector, but GE Digital software 

is employed to apply advanced analytics and cut down costs for clients while enhancing 

operational efficiency through digital twins.  Using AWS’s industrial cloud platform has 

proven to be beneficial for GE Digital clients by helping them to cut costs and supporting their 

shift towards energy sustainability objectives.  Examples include the introduction of 

Competitive Power Ventures, a leading electric power generation development and asset 

management company in North America, used GE Digital’s Operations Performance 

Management software to increase energy output while managing emissions during periods of 

high demand—all without costly maintenance adders. Another significant example is that of 

Xcel Energy, a major U.S. electric and natural gas utility serving millions of customers, which 

uses GE Digital’s asset performance management to prepare for the energy transition by 

making its plant operations more flexible and agile. Beyond the North American market, La 

Société Algérienne de Production de l’Electricité, which serves 10 million customers in 

Algeria, increased the rate of availability of power by 2–6%. This enabled the utility to support 

https://arpa-e.energy.gov/sites/default/files/09.%20Irving-APM.pdf
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the demand for power when and where it is needed, which is particularly essential as more 

renewable and intermittent energy sources are integrated into the global grid. 

GE has always practised the approach of using the right technology for the right application to 

ensure the benefit of a fast ROI. GE Digital helped their customers manage more than 8,000 

assets in their centre in 2018, the year they implemented it, and this helped generate $187 

million of customer documented savings in 2019. The company assisted customers with a range 

of digital twin applications - for jet engines in flight; submersible pumps in oil wells; turbines 

on power plants; and packaging palletizing machines in manufacturing and the application and 

content configuration were carefully crafted differently for every customer and use case. This 

ultimately resulted in helping customers move from corrective maintenance to predictive 

maintenance, and hence, aid their customers to take their strategies from being defined once 

every 5 or 10 years to being defined and optimised in real time. 

Discussion on the Analysis 

a) Work to simplify the complexity: Since complex systems like digital twins require regular 

maintenance, simply installing an ML solution does not guarantee it will function optimally 

from the start. It is necessary to understand that success depends on how well the companies 

perform an orchestration of systems, data sets, and processes. Employees will need to conduct 

regular asset performance audits, which require adequate onboarding and training. Companies 

may consider quarterly or yearly check-ins with their client teams to improve retention, tailor 

the technology to their business goals, and continue to innovate as the market evolves. Through 

these initiatives, the projects undertaken by GE ensured the long-term resilience and 

sustainability of its supply chain management practices. 

b) Interconnect the digital twins: One solution is not enough to be effective. Multiple ML 

solutions that work together can generate insights from multiple sources and physical locations. 

The future of innovation is getting digital twins talking to each other and understanding their 

language to adapt to various situations. Multiple solutions will render new insights to the 

customer where a single twin might not. GE ensured that all the sustainability angles were 

taken care of through the multi-level integration of digital technologies, even including the 

environmental and social aspects of the business model by ensuring all the stakeholders 

benefitted from the measures taken. 
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c) Executive buy-in is vital to change management. The key to long-term customer satisfaction 

is re-introducing technologies such as AI and ML and its value to new leadership. In the event 

of staff turnover, connecting leaders with teams that have had the opportunity to work with ML 

solutions in the past. By sharing legacy knowledge, industry professionals can more easily train 

newcomers to optimize and manage the technology. 

 

4.2 Illustrative Example 2: Unilever’s Digital Transformation and Sustainability 

Journey 

 

This illustrative example examines the influence of digital technologies on Unilever's supply 

chain and business approach in the FMCG industry, with a particular emphasis on 

environmental, economic, social, and governance (ESG) Key Performance Indicators (KPIs). 

Unilever’s approach to utilizing digital technologies for sustainable growth and transitioning 

from traditional supply chain practices to digitally driven models is a key focus of analysis in 

this study. By examining their supply chain strategies and outcomes, this study aims to 

highlight the key factors contributing to their differing levels of success. 

Unilever was established in 1929 by a merger of Lever Brothers and Margarine Unie. It has 

since become a prominent player in the consumer goods industry worldwide by offering a wide 

range of products such as food items and beverages as part of its diverse collection alongside 

cleaning agents and personal care products with operations spanning across more than 190 

nations. Unilever stands out as a leading player in the consumer goods industry on a global 

scale for its effective use of digital technologies to revolutionize how it manages its supply 

chain and bolster the sustainability of its business approach. A thorough study was conducted 

to delve into the impact of Unilever's integration of digital tools and dedication to ESG 

principles on its achievements. This study lays its focus on ways in which digital transformation 

has heightened efficiency within Unilever’s supply chain while also advancing its goals and 

commitment towards the environmental, economic, social, and governance objectives. 

The fast-moving consumer goods (FMCG) sector consists of products that are sold quickly and 

at affordable prices like food items, beverage selections, personal care products and household 

essentials. In terms of the market dynamic within this field, the companies encounter 

competition and the need to optimize supply chains to cut costs and adhere to sustainability 

requirements. The integration of digital technologies has become crucial for boosting 
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operational effectiveness and accomplishing ESG objectives. Companies within the sector are 

increasingly turning to digital solutions such as data analytics, automation, online retail 

platforms and blockchain technology to enhance efficiency and promote sustainability. 

Companies must adapt to changing consumer preferences, regulatory requirements, and 

sustainability demands. Such transformation is important for maintaining competitive 

advantage and operational efficiency. 

Impact of Trigger Factors and the Need Identification for Digitalization 

The emerging shift towards E-Commerce and the growth in the sector especially during the 

COVID-19 pandemic era, led to an increase in online shopping and the organizations in the 

FMCG were faced with a huge competition because of the necessity of the usage of their 

products which were daily consumer needs. Unilever had to accelerate its digital presence and 

establish more efficient E-Commerce logistics. At the same time, Unilever recognized the need 

for obtaining deeper consumer insights in order to tailor its products and marketing strategies 

in a personalized manner by leveraging data analytics to enhance customer engagement. The 

disruptions caused due to COVID-19 helped in unveiling the multiple vulnerabilities in the 

traditional supply chains of FMCG companies including the leaders like Unilever thereby 

prompting them to invest hugely in digital technologies to provide modern solutions for 

enhanced visibility and better flexibility. Unilever’s business model identified the need to 

emphasize its focus on innovation, efficiency, and sustainability, leveraging digital 

technologies to enhance its supply chain operations and support its strategic goals. It 

acknowledged the need to use digital solutions to achieve promising results of streamlining 

operations, reduced lead times and manufacturing costs. This, in turn, would yield better 

distribution processes and efficiency across the entire supply chain and aid towards improved 

tracking of sustainability metrics, aligned with Unilever’s sustainability commitments. 

The other major factors that triggered Unilever in shifting quickly towards digitalization were 

the emergence of digitally sound competitors who were already developing advanced solutions, 

despite being late entrants into the market, such as regional and local players in FMCG. 

Unilever also recognized the potential of digital platforms to facilitate faster development 

cycles, allowing them to respond quickly to the market trends and consumer demands, and stay 

ahead of the competition by acting proactively. Additionally, enhanced communication and 

collaboration tools became quite essential for remote work and efficient coordination across 

global teams. All these factors collectively contributed to the on-time approach adopted by 
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Unilever to innovate its supply chain to incorporate changes as per the digital trends, to remain 

relevant and leading in the market. This played a critical role in shaping Unilever's strategic 

shift towards a more integrated and digitally enabled business model. 

Proactive Decision-Making and Implementation Approach 

The identification of the need to shift the approaches to digital methods at an early stage helped 

Unilever succeed in incorporating various technologies such as artificial intelligence (AI) and 

AI-based data analytics into its supply chains and business models. Unilever used AI and data 

analytics extensively to propel its digital evolution and enhance different facets of its business 

activities. The company applied these technologies to enhance decision-making procedures, 

optimize supply chains, improve marketing strategies and create personalized consumer 

experiences. This approach helped Unilever build a more sustainable business model 

as compared to other players in this industry. Unilever's successful journey was examined by 

looking into the digital initiatives and sustainability projects they have undertaken and 

analysing their impacts. 

Unilever began the implementation of the Project named SAP HANA with a platform to 

oversee its enterprise resource planning (ERP) systems effectively. Leveraging this cutting-

edge technology accelerated the data processing speed significantly and helped in cutting down 

the time needed for tasks like financial closing from hours to minutes. This advancement 

facilitated instant data analysis that was pivotal for making decisions and formulating 

strategies. It assisted Unilever in modernizing its operations by incorporating state-of-the-art 

technologies through the utilization of the digital SAP platform. This transformation focused 

on streamlining ERP systems and refining the efficiency of supply chain operations. It also 

helped in enhancing financial processes and increasing agility to better respond to market 

needs.  

Unilever utilized a conceptual framework known by the name Digital Capability Framework 

(DCF) within the platform of SAP HANA to guide its transformation process and prioritize 

areas for enhancement effectively across six dimensions, namely, Customer Centricity, 

Effective Knowledge Worker, Operational Excellence, Transformation Capability, Innovation 

Capability and IT Excellence. By aligning its IT strategy with business goals based on these 

dimensions, Unilever was able to boost its capabilities significantly. Embarking on the 

implementation of SAP HANA marked a significant step for Unilever as it aimed towards 
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elevating its digital processes and streamlining operational efficiency on a global scale. The 

main goal was to move all ERP systems to SAP HANA in order to create a business that is 

more flexible and can respond quickly in real-time situations. 

Unilever aimed to streamline over 200 local ERP systems into four regional SAP setups as part 

of its strategic plan. The goal was to boost operational efficiency and support the company's 

growth targets by simplifying operations. The initial phase of SAP HANA implementation 

began with a proof of concept in the finance area, focusing on accelerating the controlling and 

profitability analysis. Unilever effectively implemented this in 2012 across all four ERP setups 

and ended up significantly improving the speed and quality of financial reporting. 

Efficient Management Practices for a Resilient Supply Chain and Business Model 

Unilever's Sustainable Living Plan (USLP) was established by Unilever’s management in 2010 

as a strategy for embedding sustainable practices throughout Unilever's operations and supply 

chain. It has developed immensely and has now become a core element of the company's 

business approach by focusing on fostering sustainable development through addressing 

environmental, social, and governance (ESG) impacts across its global operations. The 

objectives were clearly defined by the management and were inclined towards achieving 

sustainability in the supply chain and business model through heavy investments in digital 

technologies. One of the objectives was to reduce the environmental footprint to lessen the 

impact of its products on the environment. The USLP aims to cut Unilever's products 

environmental impact in half by 2030 by decreasing greenhouse gas emissions and reducing 

water usage and waste generation throughout the entire value chain, from sourcing raw 

materials to consumer disposal and use stages. Digital tools like IoT sensors and AI analytics 

were identified as essential in overseeing and optimizing energy and water consumption in real 

time while also pinpointing waste areas and streamlining production methods for higher 

efficiency, with minimal resource consumption. The other major management practices 

defined for building a resilient supply chain were to advocate improved health and wellness 

through Unilever's business strategy and promote human rights and generate economic 

prospects throughout its operations network. Digital tools, which had already been proven to 

empower Unilever to maintain transparency and responsibility in its supply chain operations, 

were used to closely monitor labour standards and interact with communities to promote 

farming practices and ethical sourcing. This ensured the social dimension of sustainability was 

considered seriously. By harnessing the power of data analysis techniques, the company is now 
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more capable of evaluating the outcomes of its projects and using data driven insights to 

enhance them further.  Additionally, Unilever rightly recognized the need of the governance 

factor to create an all-round robust system of implementing USLP by upholding environmental 

and social regulations effectively. In order to do this, Unilever leverages blockchain technology 

to improve transparency and traceability in its supply chain operations to guarantee sustainable 

sourcing of materials. This digital approach to governance helps mitigate risks and ensures 

adherence to the highest standards of corporate responsibility. 

Impacts based on the Decisions and Actions Taken 

The implementation of the SAP HANA project and USLP yielded substantial quantitative and 

qualitative benefits. The major among these was a substantial reduction in the financial closing 

time. After incorporating SAP HANA into their system Unilever managed to cut down the time 

required for financial closings from 3 to 4 days, to just a couple of hours. This was a remarkable 

enhancement that not only saved the company around 50,000 person hours every year but also 

resulted in substantial cost reductions. With the help of SAP advanced planning and 

optimization was performed by Unilever and this helped to optimize production planning and 

scheduling, enabling an estimated additional capacity for daily sales orders valued at 

approximately 6.8% more than before. This optimization was expected to increase on-shelf 

availability (OSA) by 0.5%, translating to a potential revenue increase of €125 million and an 

additional margin of around €50 million. The SAP HANA project also brought changes to how 

Unilever operates by helping them make better decisions and improve their operations overall. 

By shifting to SAP HANA technology, Unilever was able to analyse large sets of data instantly 

leading to more precise predictions and improved coordination between supply and demand. 

Their upgraded analytical tools enabled smarter business choices that enhanced efficiency 

throughout the supply chain resulting in improved customer service through better planning 

and scheduling. Combining data from different sources into one platform enhanced the 

consistency and accuracy of information which resulted in more dependable reporting and 

analytics capabilities. This enhancement supported improved planning and risk assessment.  

The integration of advanced planning and optimization with this project significantly improved 

Unilever's ability to forecast demand and optimize production schedules. This led to an 

increased customer satisfaction through better product availability and reduced costs by 

minimizing excess inventory. The digital transformation helped Unilever in improving its cost 

structure, enhance its agility, and support sustainable business growth. By integrating digital 
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technologies, the company was able to better manage its supply chain, reduce its environmental 

footprint, and improve overall business performance. The use of real-time data and analytics 

allowed for more responsive and adaptive operations, supporting Unilever's goal of doubling 

its business while reducing its environmental impact. 

The USLP project also helped Unilever in achieving reduced greenhouse gas emissions. Ever 

since Unilever introduced the USLP program, there has been a 75% reduction in CO2 emissions 

from their production operations compared to the starting point in 2008. This achievement is 

largely attributed to the adoption of renewable energy sources and energy efficient technologies 

such as AI powered systems that monitor energy usage in real time and identify areas for 

improvement.  Since 2008, Unilever has lowered water usage in its manufacturing operations 

by 49 percent, per ton of production since 2008 by using digital water management systems to 

oversee and enhance water usage efficiency while reducing waste and encouraging water 

reusing. The company has also successfully met its goal of eliminating non-hazardous waste 

sent to landfills across its worldwide factory network in 2015 through the adoption of digital 

resources to monitor and control waste streams and the utilization of machine learning 

algorithms to pinpoint recycling and waste reduction possibilities. Unilever has enhanced its 

relationships with suppliers and communities by utilizing platforms that prioritize transparency 

and traceability in their operations. These efforts aim to foster ethical practices across 

Unilever's supply chain. The implementation of blockchain technology has been particularly 

impactful as it allows Unilever to track the sources of its palm oil and tea products. Such 

measures guarantee that these resources are procured in a manner that upholds rights and 

environmental preservation. 

Challenges and Innovations  

When talking about the success of the projects undertaken by Unilever, it is also important to 

highlight the challenges and drawbacks faced by the organization while implementing them. 

Adopting the SAP project was met with its own set of obstacles such as the requirement for 

significant upfront capital and the intricacy involved in shifting current systems to the updated 

platform. However, this was countered by a targeted approach focused on restructuring 

business operations to make the most of the new technology. For instance, Unilever utilized 

design thinking to identify areas of opportunity in the supply chain, ensuring that the transition 

to SAP HANA was not just a technological upgrade but also a catalyst for broader business 

transformation. 
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Discussion on the Analysis 

In terms of looking at the bigger picture of things, Unilever's implementation of SAP HANA 

showcases a thorough plan to boost its digital capacities by optimizing supply chain 

management and fostering innovation – setting an example for utilizing advanced ERP 

solutions to spur business growth and sustainability in the consumer goods industry. Unilever's 

transformation into a real-time digital enterprise has established it as a leader in digital 

capabilities within the consumer goods field. The strategic application of digital technologies 

supported by the Digital Capability Framework has enabled Unilever to unlock significant 

value and improve operational efficiency while driving growth. The case study highlights the 

importance of aligning IT strategy with business goals and consistently seeking out ways to 

remain competitive in a swiftly evolving market.  Unilever's use of the SAP HANA acted as a 

catalyst in their journey towards becoming an integrated digital enterprise in real time settings. 

The upcoming phases of development at Unilever could involve expanding these setups 

globally to all markets they operate in. Utilizing SAP HANA’s cloud capabilities for quicker 

innovation and further embedding digital features throughout the business are also key aspects 

being considered to sustain growth and stay competitive by Unilever. This ongoing digitization 

effort is aimed at supporting Unilever's growth strategy by enabling responsive and flexible 

operations that closely align with market needs. 

Apart from the SAP project, Unilever's USLP showcases the role of digital technologies in 

revolutionizing supply chain management and enhancing the sustainability of business models 

by emphasizing key performance indicators related to the environment economics, social and 

governance aspect. This initiative sets a standard for corporate sustainability by utilizing 

digital technology to foster ongoing enhancements and creativity throughout its worldwide 

activities. 

The table below summarizes the future actions based on the study and findings, that can be 

undertaken by Unilever to achieve the complete successful integration of digitalization into 

their business model and operational sustainability efforts. Other companies in the same field 

could also use these recommendations and insights to develop their business models to progress 

towards their sustainability goals. 
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Table 2. Recommendations of Future Strategies & Initiatives for Unilever 

Broad Strategy Detailed Explanation of the Initiative Proposed 

Scaling Digital Innovations Adopt a plan of action to increase the utilization of digital 

tools to improve transparency and efficiency in their supply 

chain operations. The strategy involves implementing AI and 

machine learning technologies to streamline logistics 

processes reducing wastage and enhancing the allocation of 

resources to achieve sustainability goals more efficiently. 

Expand Sustainable 

Sourcing 

Ensure that all its agricultural raw materials are sustainably 

sourced by the year 2030 with the help of digital tools that 

offer real time insights into supplier practices and allow the 

company to confirm adherence to sustainability standards 

throughout its worldwide supply chain. 

Enhancing Product 

Circularity 

To promote the shift towards a circular economy, it is 

necessary to invest in digital tools to monitor the entire 

lifespan of its products from creation to disposal. Aim to 

reduce waste and encourage recycling while ensuring 

sustainability is integrated into product design right from the 

start. 

Strengthening Governance 

and Compliance 

Utilize digital technologies to strengthen the governance 

practices and uphold strict environmental and social 

regulations across the entire life cycle of operations. This 

involves employing predictive analysis for early detection of 

compliance issues and adopting blockchain technology to 

ensure transparency and responsibility, in the supply chain 

management processes. 

 

Source: Personal elaboration of author 
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4.3 Illustrative Example 3: Patagonia’s Digital Transformation and Sustainability 

Journey 

 

The previous two case studies were based on organizations operating in industries which are 

well-known for being fast paced in their commitment towards business and supply chain 

sustainability goals. Their customers and clients form an impression and judgment about 

purchasing from them based on the outlook that those companies have among the public 

regarding their ethical and sustainability efforts. However, an industry where customers are not 

hugely bothered when it comes to purchases and staying loyal to the brands is the clothing and 

fashion industry, at least as of today. Hence, if an organization is committing towards well-

defined sustainability goals and staying loyal by putting efforts into them in this industry, it is 

a huge indicator that they are truly committing to the supply chain and business sustainability 

for the right purposes, and not just for the brand image and staying relevant. The company that 

was analysed here is Patagonia, a leading outdoor clothing brand that has set a standard for 

incorporating digital innovations in managing its supply chain and promoting sustainability 

initiatives. This analysis delves into how Patagonia has employed digital solutions and 

followed environmental and social governance guidelines to improve its business approach and 

daily functions. The discussion centres on how these strategies have played a crucial role in 

Patagonia's success. 

This research aims to investigate the methods that Patagonia has utilized to enhance sustainable 

growth through digital technologies. The analysis of their shift from traditional supply chain 

management and business models to modern and efficient business practices driven by digital 

technology was conducted in order to assess their impact on sustainability objectives and 

identify key factors influencing the varying levels of success achieved by Patagonia in this 

regard. The outdoor clothing industry consists of companies that create apparel and equipment 

for pursuits like hiking and skiing while also contending with competition from well-known 

brands and emerging players. These companies must consider both product quality and 

sustainability as consumers are increasingly starting to demand environmentally friendly and 

socially responsible products. Digital advancements and technologies like e-commerce 

platforms and AI are being adopted by the industry to improve supply chain efficiency and 

foster a sustainable business approach. In this context, it is significant to mention that Patagonia 
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has always been known for its commitment to environmental sustainability and social 

responsibility since 1973, when it was founded. It operates globally with a strong focus on 

producing high-quality, durable products. Patagonia’s approach to business has always strived 

to highlight creativity and ethical values while also prioritizing sustainability efforts in their 

operations by utilizing digital technologies. 

Impact of Trigger Factors and the Need Identification for Digitalization 

Patagonia’s shift from the traditional supply chain management methods towards applying 

modern digital solutions was triggered due to many factors. Since the early 1970s, Patagonia 

has been supplying climbers, surfers, fishermen and lovers of the great outdoors with high-

quality clothing, tools and equipment. The administration of its budgeting process has always 

been quite time-consuming and involved combining data from 25 separate planning models 

due to its globally wide operations. Hence, very early on in its journey itself, Patagonia 

recognized the need to improve visibility of actual and planned global inventory levels across 

its wholesale, direct and retail sales channels, and to reduce the administrative overhead of the 

budgeting process. They acknowledged the necessity of a budgeting application that was faster 

and more flexible and more easily maintainable, to be easily developed and controlled by the 

finance team. Patagonia also realized that the application should be able to handle deployment 

to more than 100 contributors across the globe and be able to provide training easily and 

seamlessly to its widely scattered users. Unlike most companies operating in the sector, they 

incorporated long-term planning into their working mindset and through this project, they were 

also investing in an inventory forecast model solution for attaining better visibility of their 

future global inventory levels at a detailed style and colour level in a region-wise manner. 

Proactive Decision-Making and Implementation Approach 

Patagonia has been a pioneer in taking unique measures and being steadfast in its journey 

towards sustainability of its business model and achieving operational efficiency with bold 

measures which has helped in winning the loyalty of customers. The company has also 

leveraged data analytics and artificial intelligence widely in its operations which have helped 

it in tracking and forecasting global inventories with unmatching efficiency compared to its 

competitors. Having been a long-term user of IBM business analytics software, Patagonia 

found the solution to this early-identified problem of managing its inventory model by 

collaborating with a consulting company named Aviana, a long-time IBM premier business 
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partner, to streamline its budgeting process using a software tool based on data analytics and 

AI that helps finance professionals analyse and manage large amounts of financial data. It is a 

multidimensional database with a spreadsheet-like structure that allows users to create financial 

models and perform advanced calculations. Using this technology, Patagonia worked towards 

developing a new analytics application to help them monitor and forecast global inventory in 

detail. This helped them to attain a faster and more flexible budget solution as well as a more 

timely and better insight into the forecasted global inventory position.  

Efficient Management Practices for a Resilient Supply Chain and Business Model  

The business leaders and the management executed the implementation of the project in a 

manner that helped Patagonia to become one of the first companies in the apparel sector to 

specialize in business analytics and performance management solutions. The first phase of the 

project focused on re-engineering Patagonia’s budgeting process to take advantage of their 

analytics engine, to increase the performance of very large data models. Through this, they 

were able to consolidate 25 old budgeting models into four new digitally advanced models 

while improving the overall performance and flexibility of the development process. It helped 

them in streamlining the preparatory work required both at the start of the budgeting cycle, and 

during the consolidations process throughout the budgeting cycle, and creating a more 

interactive environment during the input phase of the budgeting process and providing better 

visibility on the budget model. 

The second phase of the project involved the development of a new analytics application to 

complement Patagonia’s existing merchandise and supply planning tools and processes by 

enabling Patagonia to forecast detailed future inventory levels. It used a combination of data 

from previous periods, current inventory levels, open and planned purchase orders, sales 

forecasts and other factors to calculate the quantities of each product that each region will have 

over the next several months. With large amounts of data in the model, the application relied 

on the performance of the analytics engine to deliver flexible reporting with good performance. 

This implementation enabled the entire data to be analysed more rapidly via the new digital 

reporting tools. 

Impacts based on the Decisions and Actions Taken 

This project helped Patagonia’s budgeting process improve tremendously by eliminating 

cumbersome administrative data links and procedures. The new inventory analytics model 
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helps them to improve merchandising and supply analysis and planning by forecasting future 

inventory levels. Additionally, it is expected to support them in performing more detailed 

inventory planning down to the style and colour of products, as well as categorization by the 

geographic regions. Being a global brand, their inventory data is managed by systems across 

multiple sales channels including retail stores, wholesale and direct sales across multiple 

regions, it was difficult to provide timely visibility to their global position at the time, let alone 

forecast future positions. However, with the new analytical model developed through this 

project, they are better suited to make better decisions for managing their inventory levels and 

hence improve their supply chain management and planning to help ensure that the right 

products are in the right place at the right time. By helping to mitigate the risks of over- or 

under-stocking, the solution is expected to ultimately assist them in their effort to reduce total 

inventory costs and avoid the loss of potential sales due to out-of-stock items. Hence, the 

adoption of the shift to digitally transform immensely helped in streamlining their supply chain 

and deriving maximum sustainable profits out of the business model. 

The most impactful initiative undertaken by Patagonia, which is the innovative introduction of 

QR Codes, helped discover that switching from paper hang tags to QR codes led to a significant 

decrease in the variety of tag options from 453 to only 20 variants. This adjustment resulted in 

a reduction of 170,000 pounds of waste in landfills during one season. The QR codes affixed 

to each garment offer customers access to product details instead of having multiple printed 

versions. This modification not only contributed to reducing environmental impact but also 

lowered expenses linked with creating and handling hang tags. Using QR codes not only helped 

Patagonia cut down on environmental waste but also made their internal processes much 

smoother and efficient. Before switching to QR, Patagonia spent around 2,819 hours each year 

on creating garment hang tags. This digital shift now only requires three days annually 

showcasing an enhancement in operational effectiveness. Moreover, this transition lightened 

the workload for the editorial and design teams and thus granted them the freedom to 

concentrate on strategic projects instead of getting bogged down with manual duties. 

Long-term Planning to tackle the Emerging Trends and Future Challenges 

Patagonia considered the long-term benefits and solutions while implementing the digital 

transformation projects. It took care of the fact that the solution will also support new analytical 

reporting on a number of key performance indicators (KPIs), helping Patagonia monitor 

specific measures such as past and future inventory turns and weeks of supply for specific 
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regions, products or groups of products. By providing insight into seasonal fluctuations and 

trends, this new inventory forecast model is also planned and expected to help the company 

respond more effectively to market conditions, unforeseen events and other external influences. 

Additionally, Patagonia uses Artificial Intelligence to enhance its visual branding tactics by 

producing eco-friendly clothing that resonates with its core belief in sustainability principles. 

Not only does this strategy involve just the physical elements of product development but also 

extends to crafting a narrative that reflects a commitment to environmental stewardship. AI 

empowers Patagonia to create items that have less environmental footprint by utilizing 

sustainable materials that reduce resource usage and pollution. This two-fold emphasis on 

technology and sustainability awareness boosts Patagonias image as a brand that promotes a 

sustainable lifestyle and thoughtful consumption. AI technology is also crucial for Patagonias 

communication with its customers. It uses AI tools to examine customer information in order 

to grasp their preferences and behaviours. This enables Patagonia to customise content and 

marketing tactics for each individual. This personalised method not only boosts customer 

involvement but also nurtures a stronger bond between the customer and the brand. 

Advertisements driven by AI and product suggestions are designed to make Patagonia’s 

marketing strategies resonate personally with customers reinforcing their loyalty and 

connection to the brand.  

Another significant example of Patagonia’s long-term planning is the strategic use of AI 

towards promoting environmental awareness in branding through its ‘Worn Wear’ campaign. 

This initiative utilizes AI to analyse consumer data and accordingly craft a campaign that raises 

awareness about the environmental impact of the fashion industry. The Worn Wear campaign 

encourages consumers to participate in clothing reuse and recycling which aligns with 

Patagonia’s commitment to sustainability. The success of the campaign is clear from the rise in 

engagement rates. For instance, in Europe during 2016 to 2018 there was a 50 percent increase 

in the amount of clothing repaired or recycled through the Worn Wear program showcasing 

how AI cannot just boost brand image but also promote sustainable consumer behaviours. 

Patagonia’s utilization of AI showcases a fusion of technology and brand strategy that elevates 

its visual identity and sustainability initiatives to new heights. Through the use of AI 

technology, Patagonia effectively conveys its dedication to stewardship proving that branding 

innovation can coexist with a strong ethical stance. As digital advancements progress Patagonia 

stands out as a leader in demonstrating how AI can foster a relationship between creativity and 

sustainability within today's business environment. Patagonia has leveraged digital 
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technologies to innovate its product packaging and reduce its environmental impact. One 

notable example is how the company’s overhaul of its garment paper hang tag process, helps 

significantly minimize waste and improves its operational efficiency in the long run. 

Discussion on the Analysis 

a) Patagonia's move towards digital solutions reflects its commitment to operating in an 

environmentally friendly manner while ensuring effective communication with customers 

remains a top priority for the company. For instance, by embracing digital solutions instead of 

traditional hang tags for product information dissemination to customers enables Patagonia to 

educate about product features and material technologies without the added environmental cost 

associated with paper usage. This shift towards innovation not only supports Patagonia's 

overall sustainability objectives but also highlights the positive impact that small changes can 

make on both the environment and business practices. Utilizing digital technologies has led to 

significant enhancements in their supply chain management and operational efficiency. The 

company has improved its capacity to meet market needs and promote sustainability objectives 

through the combination of e-commerce platforms, with data analytics and supply chain tools.  

b) Encouraging Industry-Wide Adoption: Patagonia openly encourages other retailers to 

incorporate similar digital solutions in order to cut down on single use materials and enhance 

both environmental and financial results alike. Their method serves as a prime example of how 

using digital technology effectively can bring about substantial sustainability benefits like 

reduced waste production and increased operational effectiveness.  

c) Sustainability Achievements: Patagonia’s commitment to environmental, social, and 

governance criteria has strengthened its brand reputation and market position. The company’s 

achievements in reducing its carbon footprint, using sustainable materials, and maintaining fair 

labour practices are its key drivers for success. Digital transformation and strong ESG practices 

have provided Patagonia with a competitive edge, allowing it to lead in both market 

performance and sustainability. 

d) Implement Circular Economy Practices in conjunction with digital technologies: Projects 

like Worn Wear and the Recycled Materials Initiative which were already being driven by 

Patagonia gained more audience and became more widespread when combined with the 
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utilization of digital technologies by highlighting the importance of extending the product 

lifecycle and reducing waste to a wider population. 

Patagonia’s success in embracing digital advancements and sustainability emphasizes the 

significance of merging digital technology with ESG values in corporate strategies. The brands 

effective utilization of resources and dedication to environmental and social ethics have 

established a notable standard in the consumer goods industry. This real-world example 

highlights how creativity and moral values play crucial roles in attaining operational efficiency 

and enduring sustainability. 

 

4.4 Illustrative Example 4: Walmart vs Toys “R” Us Digital Transformation and 

Sustainability Journey 

 

All the three case studies done so far were focused on analysing the digitally driven 

sustainability efforts of three multinational organizations and how they continue to stay 

relevant and in the leading positions in their industries. This case study has been investigated 

from a different perspective by comparing Walmart for its successful implementation of 

efficient supply chain, to Toys “R” Us, for how it failed to incorporate digital solutions which 

eventually led to its failure. In detail, it investigates how the advancements in digital 

technologies are affecting supply chain management and the endurance of business models 

within the retail sector by looking at Walmart's effective use of digital transformation to 

improve its operations and sustainability compared to the inability of Toys "R" Us to adjust to 

digital shifts. The findings aim to highlight the critical role of technology in achieving 

economic, environmental, social, and governance (ESG) objectives. Since Walmart operates 

on a wide range of products apart from the products handled by Toys “R” Us, the analysis has 

been done by contrasting the supply chain of specific product divisions within both the 

companies to compare them from a similar scale. 

The retail industry involves selling goods and services directly to consumers, including various 

sectors like groceries, electronics, clothing, and toys. Walmart, which was founded in 1962, is 

a leading global retailer with a diverse range of products which include groceries, apparel, 

electronics, and more. It operates extensive physical stores and a robust e-commerce platform. 

Walmart has been a leading organization in the retail sector, with its business model always 
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focused on cost leadership, operational efficiency, and an integrated online-offline sales 

strategy. Toys " R " Us, established in 1948, was a leading toy retailer renowned for its selection 

of toys and children's products available in its physical stores. Operating within the sector, Toys 

" R " Us focused on offering toys, games and children's products, like baby essentials, 

educational toys and games. This niche within retail was specifically dedicated to providing 

products for children and families. Its model was solely cantered around physical stores, with 

limited investment in e-commerce and digital tools.  

Impact of Trigger Factors and the Need Identification for Digitalization 

The key aspects and shifts in the nature of the retail sector involving toys and juvenile products 

served as the main catalysts behind Walmart’s need to immediately focus on digital adaptations 

in its supply chain. Both the organizations dealt with the sales of a detailed range of products 

including toys, games, puzzles, educational products designed for various age groups, and 

juvenile products such as baby gear, clothing and accessories. The target population mainly 

included families with children, and hence the products catered to the taste of both parents and 

kids. In the past, the only mode of distribution and supply chain was traditional, through the 

physical stores but with the onset of digital technologies, the trend started shifting towards 

online retail on a large scale. It became essential to expand the presence with e-commerce 

platforms, alongside the physical stores. The sector started changing completely as e-commerce 

began growing exponentially and altered the way customers behaved and interacted with the 

organizations. All these events were rightly identified by Walmart which began the digital shift 

and the gradual transformation of its traditional supply chain into digital. Toys “R” Us, which 

was a category killer and a leading giant in the sector lacked the ability to recognize the 

importance of the shift. 

Proactive vs Delayed Decision-Making and Implementation Approach 

Walmart was proactive in its digital shift and began adjusting to the digital movement early on 

while Toys “R” Us failed to realize the importance of this. Hence, Toys “R” Us lacked the 

competence to keep up with the competition of Walmart and other companies that began 

incorporating online platforms alongside advanced analytics and streamlined logistics 

processes. As a result, Walmart succeeded in beating and replacing Toys "R" Us for the title of 

the top toy seller in the United States. This downfall of Toys “R” Us occurred thanks to its well 

delayed identification approach. Over the years, Walmart started continuously investing in 
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emerging technologies and became well-known for being a company that continuously 

innovates and is always at the forefront of digitalization. Its digital journey started by 

integrating physical and digital retail and implemented several initiatives to take advantage of 

the gap left by Toys “R” Us. During the time when many US retailers were working to bolster 

their toy ranges to fill the gap brought on by the unfortunate delayed approach of Toys “R” Us, 

Walmart ensured that it was at the leading edge where they tried to fill the gap by introducing 

a ‘National Play Day’ in 1,500 of their store locations allowing kids to play with the most 

popular toys of 2018. In conjunction with this launch, Walmart created a digital ‘Toy Lab’ on 

their website allowing kids to see those same toys online and engage with new content on these 

toys. The kids in the store were prompted to save their favourite toys into a digital ‘Toy Box’, 

similar to a wish-list in the online shopping websites, which they could send to parents and 

grandparents. This Toy lab with its Toy Box functionality was introduced in stores, where 

employees helped the families, despite also being made available to everyone online. This 

assured that Walmart continued to grow even in a retail environment dominated by Amazon, 

presenting a huge turnaround and exploiting the opportunity presented by Toys “R” Us’s gap 

and its eventual collapse. Walmart acted at the right time with the right approach by recognizing 

which value driven experiences could be delivered in store and how they could be delivered by 

translating it into the digital context so it can be amplified in the future. 

The industry was facing multiple challenges, of which the major ones were factors that had the 

potential to cause huge losses and inefficiencies in the supply chain of the companies that did 

not find efficient digital solutions. The major challenges included the misplacing of items on 

the wrong shelf, refilling of the stock based on the inventories and stock-out rates, danger-

proofing against wet surfaces at the storage units and retail stores, efforts spent in repetitive 

tasks such as cleaning/scrubbing the floor and shelves. To fight against all these challenges, 

Walmart took an informed decisional approach to exploit Artificial Intelligence for stock 

management and store cleanliness. It developed an AI lab in its stores to monitor misplaced 

items and detect low-stock items using cameras. They partnered with Bossa Nova to use AI 

robots to maintain store shelves. Walmart provided sponsorship to the Texas A&M University 

for computer vision projects, including creating camera systems to detect floor water and 

partnering with Brain Corporation to make floor-scrubbing robots that use sensors to navigate 

and clean. 
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While Walmart took several technology driven initiatives to address the challenges, Toys “R” 

Us followed a passive strategy that involved a delayed e-commerce integration and poor online 

network presence and hence less accessibility, visibility and efficiency. They were not quick to 

adapt to the rise of online shopping that transformed the retail industry landscape. Companies 

such as Walmart and Amazon swiftly grew their storefronts and provided customers with a 

smooth online shopping experience, whereas Toys "R" Us failed to give sufficient attention to 

enhancing their e-commerce capabilities until it was too far into the game. When they finally 

decided to invest into their online platform, they had already surrendered a significant portion 

of their market share to the agile competitors such as Walmart. When Toys "R" Us finally tried 

to establish a presence, the connection between their physical stores and the digital platform 

fell short of the then expectations. Their online shopping experience received feedback for 

being difficult to navigate and lacking the advanced features seen on contemporary e-

commerce websites. This disparity in customer experience across offline channels hindered 

their competitive edge. 

Laggard vs Efficient Management Practices affecting Supply Chain and Business Model 

The management approach taken by both the companies led to the success and downfall of 

each in the long run. Toys “R” Us lagged in adopting digital approaches despite the many 

indicators and trigger factors happening right in front of them in the industry. Even after the 

issue was recognized, the management failed to cover up and quicken the pace of change by 

taking a few wrong decisions without long-term thinking. Toys "R" Us initially partnered with 

Amazon to handle their online sales, which, although a strategic move at the time, limited their 

control over the digital customer experience. When they eventually launched their own e-

commerce site, it was already too late, and they faced challenges in building a competitive 

digital presence and integrating their supply chain with their new online strategy. Another 

contributing factor to their collapse was their inability to innovate and adapt to changing 

consumer preferences. While other retailers were leveraging digital tools for personalized 

marketing, data analytics, and improved inventory management, Toys "R" Us was slow to 

adopt these technologies. 

Contrary to the slow approach taken by Toys “R” Us, when presented with the industry 

challenges, Walmart’s management practices not only helped it to quickly adapt digitally but 

also go way beyond what was considered as a necessary digital change at the time. For instance, 

the industry of toys and juvenile products often faces challenges when it comes to providing a 
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unique customer experience, since it caters mainly to kids and adults alike based on their 

preferences and the customers to whom this industry mainly caters to can tend to lose their 

attention in a very short span. Hence, it faces a few unique challenges which are not easily 

solvable, such as the infeasibility of facilitating a one-go comparison of different products 

based on prices, ratings etc. It was difficult to find solutions to make the retailers create 

engaging and fun experiences for enhancing the customer shopping experience. Walmart 

rightly identified that the key to solving such challenges would be to capture the attention of 

the customers and make their experience interesting. They used Virtual Reality to train their 

associates by providing them with a simulated store environment to learn and handle real-life 

situations. Walmart acquired a VR start-up named Spatialand to create VR software for its 

stores. Similarly, when faced with the challenge of shifting to a customer-oriented optional 

combination of in-store, pick-up and delivery of products to increase the convenience and 

comfort factor, Walmart partnered with Ford to test using self-driving vehicles for product 

delivery, gathering data on consumer preferences. Additionally, when a majority of the 

competitors, both existing giant players and the new entrants had not even integrated into the 

basic digitization trends, Walmart successfully took advantage of the situation by going an extra 

mile in solving the challenges of managing data on thousands of proprietary servers is a 

challenge for retailers who rent computing capacity to serve their customers effectively. 

Walmart entered a five-year agreement with Microsoft in mid-2018 to use the Azure cloud 

platform and convert all websites and apps to run natively on Azure. This helped improve 

Walmart’s ability to store and analyse data to drive online sales and enhance its supply chain 

profitability and business model sustainability. 

Impacts based on the Decisions and Actions Taken 

Toys "R" Us made a pivotal decision to go from public to private in a six billion dollar 

leveraged buyout deal. The plan for this buyout was to boost sales and increase stock offerings 

so investors could cash out. However, this did not work out and the company attempted to go 

public again, but later withdrew due to declining sales. They brought in a change of 

management by introducing four new CEOs in sixteen years to try to help the struggling 

company. As a result of the collective effect of all the actions taken by its management and the 

business model practices which did not help it overcome the challenges on time and a huge 

competitive landscape, the company finally announced its bankruptcy in 2017.  

Long-term Planning to tackle the Emerging Trends and Future Challenges 
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Toy consumption is a global contributor for ongoing issues about environmental justice and 

climate change. Each year, approximately sixty million Barbie dolls are sold, contributing 

emissions equivalent to burning 381 million gallons of gasoline. Production and packaging 

consumed 40 tonnes of plastic for every $1 million in an average toy company revenue. Toys 

make up six percent of all landfill plastics. Beyond the wall of indifference, manufacturers and 

consumers can lower these numbers using the tools of design, material selection, and 

marketing. Walmart, being the largest retail company globally, has incorporated this into its 

long-term planning and made a commitment to adopt sustainable packaging through digital 

technologies. To achieve this goal, the company has launched an online platform called 

Circular Connector. The purpose of this platform is to promote innovation in sustainable 

packaging by connecting suppliers with brands looking for sustainable solutions. The platform 

allows suppliers to submit their sustainable packaging innovations for review and potential 

publication online, providing companies with a wide range of sustainable packaging options to 

consider, thereby giving an opportunity for continuously gathering information and improving 

its supply chain practices. 

Discussion on the Analysis 

The comparison case study analysis of Walmart vs Toys “R” Us helped the research in 

identifying the factors that lead to a leap in one company’s success and emergence as one of 

the topmost business leaders in the retail business, and the events that led to the decline of 

another company, thanks to the approaches adopted towards digital transformation in retail. 

Toys "R" Us' difficulties with digital transformation illustrate the risks of falling behind in the 

rapidly evolving retail landscape and the need for retailers to continuously adapt to 

technological advancements and consumer expectations. It is significant to note the 

circumstances and stimuli that led to these outcomes so that the companies can avoid 

committing such failures in the future by identifying patterns and key lessons. The table 4.2 

summarizes the strategies adopted by each company that led to their success and failure 

respectively. 

Table 3. Comparison of the Successful & Failed Strategies adopted by Walmart & Toys R Us 

Walmart Toys “R” Us 

Early Adoption and Digital Integration: 

Walmart's success was caused due to its 

Delayed digital integration: They failed to 

create a strong online presence in the form of 
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efficient timed initiatives of introducing 

seamless integration of online and offline 

channels includes features such as online 

ordering, in-store pickup, and home delivery, 

and the integration of online and offline 

channels, huge investment in technology, and 

efficient supply chain management. 

an e-commerce site and to integrate the 

internet with the brick-and-mortar stores. 

Many customers complained that the 

company’s online store was unattractive and 

not very convenient to use compared to other 

popular e-commerce platforms. 

 

Continuous Innovation and Supply Chain 

Adaptation: Walmart took advantage of the 

technologies to utilize data analytics for 

demand forecasting, inventory management, 

and personalized customer experiences. AI 

technologies enhance operational efficiency 

and customer engagement. 

Inefficient Supply Chain Management and 

Strategic Error-based Business Model: 

Toys "R" Us miscalculated its strategy, 

including an initial dependence on outdated 

and inadequate supply chain models and later 

depended on Amazon for its online sales. 

Although the partnership was intended to 

boost its e-commerce presence, it limited 

Toys "R" Us's control over the digital 

customer experience. When the company 

attempted to build its own e-commerce 

platform, it struggled to compete effectively 

against established players. 

Unrelenting Digital Adaptations: Walmart 

utilized digital technology to streamline its 

logistics and reduce costs by employing 

automated warehouses and real-time 

inventory systems. 

Insufficient Technology Investments: Lack 

of focus on adopting modern supply chain 

technologies and digital resources led to 

inefficiencies in operations for Toys "R" Us. 

This lack of investment restrained the 

company from optimizing its supply chain 

efficiency and enhancing the overall online 

shopping experience offered to customers. 

 

Source: Personal elaboration of author 
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4.5 Analysis and Insights of the Findings 

The analysis of the illustrative examples produced insights which could be grouped into 

common themes, which help in reflecting a better comparative understanding across different 

stages of the approaches used, which are: 

1. Influence of Events and Factors for Digital Transformation  

2. Decision-Making Processes and Initial Execution Strategies 

3. Impacts and Consequences of Actions Taken 

4. Management Strategies enhancing Supply Chain Optimization and Business Model 

Resilience 

5. Future-Oriented Planning for Emerging Trends and Challenges in Digital Adoption 

6. Strategic Insights and Best Practices to Adopt 

Stage 1: Influence of Events and Factors for Digital Transformation 

The first stage that was determined as being common across all the case studies involved the 

identification of key internal and external factors identified by the companies that slowed down 

their existing supply chain management practices and business models. This stage also included 

the recognition of the urgent need to advance towards a digitalization move to keep up with the 

technological advancements, customer expectations, and competitive pressures. The insights 

from the research outcomes of the companies revealed that the global events that led the 

companies to shift their traditional supply chain approaches were similar and occurred 

approximately during the same timeline when Industry 4.0 came into picture. The primary shift 

in focus and concern towards the incorporation of sustainability into the initiatives also started 

rising profoundly during this time for all the companies. Hence, digitalization was causing huge 

disruptions in the supply chains and the companies that started adopting digital solutions were 

a huge threat to those who were not ready to adapt. All the organizations were thereby forced 

to readapt their supply chain strategies from the sourcing stage till the stage of allocating 

products to the end-customers. For achieving this, it was necessary to redesign the entire 

business model to digitalize and automate every possible area of operation and thus cause a 

significant impact on the stakeholder ecosystem with efficient solutions catering to not just 

operational efficiency but also in the areas of environmental, social, economic and governance 

aspects. However, these shifts were not just a challenge in a pessimistic way to the companies, 

but they served as an opportunity to race ahead and rise to beat even the leading giant 
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companies within industries, such as how Walmart beat slowly adapting retail companies such 

as Toys “R” Us who was once the leader in the sector. Exploiting these digital technologies 

helped the companies in more outreach towards both suppliers and consumers due to the 

availability of multiple media and channels. 

In the case of companies such as Unilever and GE, which operate across multiple product lines 

and supply chains, the immediate challenge was regarding the risk mitigation of all the 

processes and performance metrics that were causing inefficiencies. This was rightly identified 

by them as opportunities that could be solved through digital transformation. They leveraged 

technology by implementing digital solutions in addressing the challenges of redesigning the 

increased costs and delivery times in all the stages of their supply chains across the world. This 

preparation was also necessary to be ready for facing and recovering quickly from unexpected 

global and regional scenarios, including both natural events and unpredictable political or 

economic events which could otherwise have caused potentially irrecoverable damage.  

This section emphasizes that the challenges outlined through the literature review analysis and 

the existing theoretical framework of this thesis resonate with the perspectives obtained 

through the individual detailed studies of industry experts of Unilever, General Electric, and 

Patagonia regarding digitalization for better supply chain and business model management. 

The insights revealed that not adopting digital methods, and especially not changing the 

mindset to adapt digitally, is regarded as a significant threat to the continued survival of the 

companies despite being leaders in their industries. This difficulty to adapt for some companies 

might have arisen likely due to the thinking that the potential of digitalization to revolutionalize 

the supply chains and business model practices was negligible. For instance, Toys “R” Us failed 

to recognize the importance and the criticality of technological adaptation as a pressing issue, 

which eventually led to its bankruptcy. 

Stage 2: Decision-Making Processes and Initial Execution Strategies 

This stage focuses on the companies’ decision-making approaches and strategies based on the 

decisions for addressing the needs identified for digitalization of their operations. Among the 

various approaches presented in the case studies, three approaches were identified as common 

among all the companies that led towards their success and ability to stay relevant in the 

industry. It also highlights the lack of implementation of these approaches by Toys “R” Us, the 

company that failed in the journey. One of the primary approaches which emerged as the 
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common ones used by all the companies was the prioritization of digital initiatives based on 

their impacts and feasibilities applied to the industry contexts through the utilization of data to 

take informed decisions. The data-driven decisions were used to apply to the supply chain 

management practices and were used to develop tools and projects such as the SAP HANA 

Project introduced and implemented by Unilever for the optimization of its supply chain 

management. GE also utilized data analytics to use it for the implementation of supply chain 

processes managed and automated by technology to reduce the inefficiencies in the efforts, 

costs and downtimes across its varied range of businesses including aviation, power and 

healthcare. Hence, data analytics tools were particularly useful for all the companies in 

identifying critical issues and bottlenecks in their business models and helped report the stage-

level processes in an interconnected manner to all the stakeholders, thereby increasing the 

transparency as well.  

This brings the focus point to the second major approach adopted by the companies in common, 

namely, the stakeholder engagement. The initiatives to optimize the supply chains helped the 

companies in involving all the key stakeholders in the entire decision-making processes to 

ensure the alignment and buy-in at every stage of the process. This is especially true in the case 

of Patagonia, which ensured the above average treatment and commitment towards all its 

stakeholders through its sustainability initiatives which additionally helped in its business 

model efficiencies. This aligns with the research presented through the theoretical concepts in 

the first two chapters that the incorporation of digital technologies in either the supply chain or 

the business model serves as an interrelationship among all the three elements, simultaneously 

enhancing all the three individually as well as the correlation among them. The third mutual 

approach identified was the usage of a phased implementation approach, where the companies 

were observed to adopt an iterative approach to implementations of their decisions and actions, 

allowing for adjustments based on the feedback and performance metrics from the data. For 

example, Walmart incorporated multiple technologies and made them work together and 

ensured that they did not work in silos to maximize the potential benefits. The same approach 

helped GE in developing Digital Twins using scenario simulations and real-time mapping tools, 

mixing digital and physical real-world models. 
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Stage 3: Impacts and Consequences of Actions Taken 

This stage discusses the most common impacts that the companies were presented with through 

the effect of implementation of their decisions and corresponding actions. These included the 

improvement of the operational efficiencies of the supply chains in terms of enhanced 

productivity and efficiency as a result of their digital initiatives. These supply chain efficiencies 

finally helped the companies in their financial performance, through the increased impact on 

revenue growth, cost reduction and overall productivity. Apart from this, the other major 

perceived impact that the companies derived through digitalization was the increased customer 

satisfaction. They were able to assess how digitalization helped enhance the customer 

experience and engagement. For example, with the help of the SAP platform that helped in 

advanced planning and optimization, Unilever was able to optimize its production planning 

and scheduling thereby enabling an additional capacity for daily sales orders at 6.8% more than 

the previous capacity. This operational efficiency indirectly positioned Unilever to a potential 

revenue increase of €125 million and an additional margin of around €50 million. This proved 

to be a beneficial cyclic change of events as the project brought changes to Unilever’s 

operations through better decision-making capabilities regarding the right mapping of demand 

and supply. Apart from the operational efficiency, Unilever also benefitted greatly from the 

USLP program which helped in a 75% reduction of CO2 emissions within a decade, thanks to 

efficient technologies such as AI powered systems monitoring energy usage in real time. This 

has helped Unilever in enhancing its business operations overall.  

In this stage, there was a slight difficulty in mapping the decisions and approaches adopted by 

the companies to the corresponding impacts due to the insufficient and sometimes incompatible 

availability of data. This is highlighted in the section that explains the limitations of the scope 

of the study later in the chapter. Due to the same reason, the impacts presented might indicate 

a slight discrepancy between the theoretical conceptual frameworks presented and the impacts 

based on the decisions and management practices used by the companies to tackle the 

digitalization journey. This is due to the availability of data mostly about projects with no direct 

impacts about their implementations and the availability of impacts of which the projects have 

minimal data available on their objectives and method and technology used for the 

implementation. 

Stage 4: Management Strategies enhancing Supply Chain Optimization and Business Model 

Resilience 
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This section examines the patterns in the management strategies among the companies that led 

to an optimization in their supply chain operations and business models. The common 

identified management practices among the successful companies that contributed to achieving 

resilience in their supply chains include accounting for agility and flexibility in the business 

models. These factors aided in promoting rapid response to the changes in the unpredictable 

demand and supply conditions. For example, Walmart automated a majority of its in-store and 

online store processes using technology which helped in achieving agility through real-time 

visibility among all the stakeholders. It also helped them in achieving flexibility through 

diversification of routes and suppliers and attain the ability to respond quickly to disruptions. 

This brings the focus to the second common trait observed in the companies’ management 

approaches, namely, collaboration and transparency which was achieved by encouraging open 

communication and collaboration across the supply chain to enhance resilience. For instance, 

Patagonia implemented practices that promoted the support of ongoing evaluation and 

improvement of processes and technologies through digital solutions. This helped them in 

attaining an environment and culture of continuous improvement. 

In this context, it is significant to note that Toys “R” Us failed due to its management’s failure 

to adopt these elements through digital technologies into their business models. They failed to 

realize the importance of incorporating real-time visibility into their supply chain and the 

advantages it brought along for companies such as Walmart, including a rapid and effective 

forecasting, monitoring and mitigating of disruptive factors. It also failed to realize the 

significance of having a digitally data-driven solution such as Walmart for gaining critical 

insights into the physical and capacity management of its stores. This section highlights a 

highly noteworthy lesson learned through the analysis of the case studies, which is not 

presented in the literature reviews. The lesson found through the analysis is the huge 

importance of real-time visibility across the value chain implementable through advanced 

technologies and monitored through data analytics-based tools. The theoretical research 

explored the technologies and their applications in terms of improving the visibility of the 

companies but not specifically their supply chains across the stakeholders. This could be due 

to the limitations in the usage of technologies for this purpose and the associated costs and 

efforts. 

Stage 5: Future-Oriented Planning for Emerging Trends and Challenges in Digital Adoption 
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The next section identified is the pattern reflected among the companies in their long-term 

planning approach. The practices adopted account for tackling the unpredictability and 

impermanence of digital solutions of today, and hence leaving room for adjustments as per the 

emerging trends and challenges in digital technology solutions. Companies including GE have 

in place the Digital Twins which have digitally driven tools and data collection methods to 

regularly perform a trend analysis. They regularly analyse the emerging trends in AI, 

sustainability and regulatory changes to understand the potential impact on their business 

operations. The use of Digital Twins also helps them in developing multiple scenarios real-time 

about the present and the future to prepare well ahead for various future possibilities and 

challenges. Similarly, Patagonia implemented a digital project that involved the development 

of an analytics application to complement their existing merchandise and supply planning tools 

and processes. This enabled Patagonia to forecast detailed future inventory levels much before 

the time. Hence, these companies implemented solutions using technology not only to compete 

with their direct and indirect external competitors but also within themselves to their previous 

performances. This helped them in utilizing digital methods to improve their business models 

at a never-ending incessant pace. 

Another significant factor that contributed to the successes of the companies was the right 

identification done by them in choosing which digital technology to implement, at what stage 

of the business, and most importantly, whom to partner with. Observing the findings from the 

case studies of the companies helps in identifying that the successful companies performed this 

step rightly. For example, Patagonia partnered with IBM, Unilever with SAP and GE with AWS 

at the right time only for the right areas in which they required support for their supply chains 

and business models with digital implementations. Similarly, Walmart also got into many 

partnerships with different firms for their digital advancements. However, Toys “R” Us which 

also underwent the management approach of partnership did it the wrong way and at a wrong 

time in their journey. They partnered with the retail giant Amazon for managing their operations 

hoping to control the operations by themselves at a later stage. However, they failed to realize 

the strength and reach that this gave to Amazon which was already a direct competitor to Toys 

“R” Us and operating at a much larger scale. These examples and insights reveal the decisive 

role that this factor plays in the ability to manage unforeseen factors and trends efficiently. 

Stage 6: Strategic Insights and Best Practices to Adopt 
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The last section which is the last stage of the analysis explains the common identified factors 

that helped the companies in adapting their strategies from a traditional approach to a modern 

one. These include the following: 

a) An unparalleled investment in digital technologies: It should not be confused with 

investments in any technology with no planning or estimation of the costs and maintenance 

efforts involved. The right strategy to adopt is the prioritization of investments in digital tools 

and platforms that align with the strategic goals of the companies and the industrial scope in 

which they operate. Companies such as GE and Walmart continue to stay successful due to 

their incorporation and cultivation of a digital mindset in their operating and work culture and 

encouraging a culture of innovation and adaptability within the organization. The case study 

comparison of Walmart vs Toys “R” Us highlighted the crucial role of digital transformation 

and ESG adherence in shaping the success or failure of retail companies. Walmart’s strategic 

investments in technology and sustainability positioned them a leader in the retail industry, 

while Toys "R" Us’s inability to adapt to digital trends and address ESG concerns led to its 

downfall. This inculcates the importance of digital innovation and adhering to ESG principles 

for long-term business success and sustainability. Toys "R" Us’s downfall serves as a 

cautionary tale for other retailers while laying emphasis on the importance of embracing digital 

transformation comprehensively and aligning the company’s strategies with ever evolving 

consumer expectations to avoid similar hurdles. 

b) Benchmarking and Adopting Proactive Management Practices: Another management 

practice that proved highly beneficial which can be adopted as a strategic recommendation for 

the emerging companies and the companies aiming to emulate the leading companies is to learn 

from the industry leaders. At every stage of implementation, it is very essential to plan, 

prioritize and implement best practices to guide the digital transformation efforts through a 

comparison of what the industry leaders, peer companies and even the companies operating in 

other similar sectors have done in the past and the present. Looking at successful companies 

like Unilever, it is observed that even if they have had setbacks at some stages, they still 

continued to rise and thrive among the leading companies because of their ability to perform 

benchmarking with others through digital tools using data analytics and finding best digitally 

driven solutions through the exploitation of these data and technologies. 

c) Continuous Learning using Emerging technologies to enhance sustainability: The companies 

should promote ongoing training and development to ensure that their teams are equipped 
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enough to leverage new technologies effectively. There should be a high focus on innovation 

by prioritizing investment in innovation to stay ahead of industry trends and competition. As 

learnt through the case studies, this helps the companies in the diversification of transportation 

routes and the ability to respond quickly to disruptions which will serve as critical components 

of resilience. Companies that invest in these areas are better prepared to face potential 

challenges and maintain operational continuity. Digital technologies, such as AI, help us 

identify at-risk shipments through data analysis for Unilever and GE. They help in finding areas 

to reduce the maintenance and operational costs and avoid obstacles and hence improve the 

warehouse efficiency. However, it is important to highlight that there is a significant 

discrepancy between the application of these innovations in the theoretical frameworks and 

their actual use in the business operational reality. 

d) Acknowledge and plan long-term for the digital technology integration challenges: One of 

the primary challenges that companies should account for, form a full-fledged plan and 

prioritize are the integration challenges to form a synergy among digital technologies, supply 

chains and business model to ensure the long-term sustainability. Despite their potential, a few 

digital technologies such as Digital Twins of GE face challenges such as high deployment costs, 

integration with existing systems, and the need for robust data security. These barriers can slow 

adoption rates but are critical to address for realizing the full benefits of Digital Twins. Hence, 

companies should plan efficiently to accommodate these costs at an early stage, by investing 

in efficient technologies wherever they can save costs. 

e) Use a strategy of Technological Synergy: As highlighted in the study, advances in AI, IoT, 

and cloud computing have provided the foundation for the rapid evolution of digital innovation. 

These technologies work together to enable more accurate simulations, real-time analytics, and 

improved operational insights. The integration of supply chain and business models with digital 

technologies allows for advanced simulations and analysis when combined with other digital 

tools. Companies such as GE and Walmart that applied this digital synergy had better 

opportunities in improving their decision-making processes which led to better system designs. 

This capability helped them to work proactively and address complex challenges at an early 

stage and prevent costly redesigns. 
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CONCLUSIONS 

This thesis has conducted a comprehensive analysis of the role of digital technologies in supply 

chain management and business model sustainability. It highlights the risks posed for the long-

term survival of supply chains, emphasizing their potential lack of relevance if they do not 

perform regular digital upgradation. As highlighted in the analysis, lack of digital capabilities 

and mismanagement in adopted digital strategies can put the supply chain resilience and 

business operations of companies at a huge risk. These were examined through theoretical 

research and real-world examples of companies based on the available sources. The key factors 

that triggered the identification of the urgent need for digital acceleration of business strategies 

were examined in detail. Rising consumer expectations regarding personalization and 

improved services, competitive pressure, leveraging advanced tools for smarter decision-

making and reducing operational inefficiencies were indisputably the fundamental turning 

points. As observed, global shifts and complexities in maintaining global supply chains also 

necessitated the companies to reassess and transform their business models and supply chain 

strategies to remain resilient. Companies that rightly recognized the significance of this need 

adopted a proactive approach integrating digital solutions to their strategies. Once the right 

approaches were identified, the companies were faced with the immediate need of decision-

making and proactive implementation to reap maximum benefits. This had to be done after 

exploring the possibilities of achieving digital synergies to utilize and integrate data from all 

possible sources, together with methodologies for visualizing the data and the outcomes. In this 

stage, it was necessary for the companies to understand their operations and the industry scope 

in depth before jumping to miscalculated conclusions. 

Based on the decisions taken, the companies identified the importance of achieving a balanced 

interrelationship among digital technologies, supply chain and business model mapping to 

attain sustainability, which is the central element of this thesis. Management practices 

incorporated strategies to tackle both immediate and long-term challenges as per the emerging 

global trends to be able to respond quickly to unforeseen events. These strategies included 

identifying the right partners and importantly, the right way to form partnerships to find 

advanced digital solutions to deal with the unpredictable nature of the business environment 

and the pace of digital evolution. Hence, companies focused their efforts on the diversification 

of supply sources, the adoption of flexible contracts and the reengineering of the supply chains 

to create agility in the business structures. These helped them achieve high operational 

efficiency, error reduction and quality management. This aided in attaining the goal of creating 
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a synergy among the technologies, supply chain and business models to achieve the best 

combination of sustainability in the economic, environmental and social verticals. Innovations 

through this synergy helped in creating sustainable operations as they improved system 

efficiency and resource management. As examined through the case analyses, mastering this 

interrelationship in complex industries such as GE’s energy and aviation supports the 

development of sustainable practices. Hence, while challenges remain, the evolution and 

integration of technologies promised significant advancements in efficiency and sustainability 

across various sectors. 

The insights presented in this thesis are highly relevant for the emerging and leading 

companies. It includes a thorough review of the theoretical literature, complemented by an 

analysis of case studies of companies as real-world examples. While the literature outlines the 

characteristics and potential advantages of technologies and their implementation in supply 

chains, the practical examples often temper the perceived benefits of these applications. Key 

challenges, such as insufficient foundational knowledge, efforts and costs involved, hinder their 

effective implementation. However, it should be noted that companies are making investments 

to integrate these technologies into their existing monitoring and control systems considering 

the long term. Overall, this thesis provides a comprehensive set of best practices for industry 

professionals looking to enhance their management and control capabilities within their supply 

chains, addressing critical factors that are often overlooked or insufficiently explored in the 

current academic landscape. 

In this context, it is significant to mention the major limitations encountered in the research, 

due to its qualitative nature and the insufficient data availability on the disruptive effects of 

digital technologies on the companies. Additionally, the unpredictable nature of regional and 

global economic and political scenarios and cultural backgrounds might have the potential to 

influence the generalizability of the proposed strategic recommendations. Since the thesis is 

based on secondary research which often relies on correlational data, the lack of opportunities 

to do primary data collection contributed to the inability to establish clear cause-and-effect 

relationships wherever any associations are indicated. 

These limitations do not hinder the adoption of the recommendations in the thesis as several 

techniques were applied to address them. Multiple secondary data sources were integrated and 

cross verified from different sources to create a comprehensive view, incorporating recent 

publications and diverse geographic contexts to mitigate the impact of generalized and outdated 



   
 

 
 

95 

data and enhance the relevance to the research objectives. To address the challenge of 

establishing causality, the analysis involved a personal-like involvement with companies to 

provide in-depth insights and infer potential causal relationships. Companies and cases were 

chosen from multiple industries for a 360 degree analysis to ensure that the thesis reflects a 

balanced representation of positive and negative outcomes. This approach aided in providing a 

richer, more nuanced understanding of causality beyond what was otherwise possible with 

secondary data alone. Acknowledging these limitations in advance allowed the research to 

thoroughly evaluate the pros and cons of the research areas while remaining mindful of biases 

to bolster the overall credibility of the findings. Hence, despite these limitations, the thesis is a 

valuable tool for understanding and managing the challenges imposed by events that 

increasingly characterize the business environment. In short, the research gap in the literature 

review, regarding the integration of technologies in supply chain to increase the resilience of 

business models against disruptions, is filled.  

Additionally, this research paper seeks to encourage and guide future research and practical 

developments. It recommends further investigation into the current use of technologies by 

companies, their effectiveness in enhancing supply chain optimization, and their influence on 

business model sustainability. Businesses looking to deepen their understanding of this topic 

are encouraged to first evaluate their own supply chain operational environment and business 

model structure, which can be challenging. To assist with this, the study offers best practices 

and a comprehensive overview of trigger events, tailored to the context of digitalization in this 

age. Companies should examine their foundational technology capabilities, especially in data 

analytics and synergies, and the availability of skilled personnel. While the technologies 

promise enhanced sustainability of business models, they require substantial financial and 

infrastructural investments. Consequently, this study serves as an invitation for those interested 

to reflect on their status quo and align it to their short and long-term objectives. 

In conclusion, it is important to understand how these findings and results will 

practically impact or help businesses and sustainability of their supply chains. The findings 

highlight the transformative potential of technologies across various industries. A company’s 

ability to seamlessly integrate physical and virtual systems will offer substantial benefits for 

businesses, supply chains, and sustainable business models. Supply chain management through 

digital technologies is central to companies' operations, especially in an international context 

of increasing uncertainty. At the same time, the ever-evolving technological trends offer 
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possibilities and management horizons that were unthinkable a few years ago. Precisely 

because of this, the integration of these innovations, together with management and 

organizational best practices, will be the future drivers of the business model designs, 

significantly improving the ability to respond to increasingly numerous and unpredictable 

crises. By addressing these key areas, organizations can enhance their resilience, adapt to 

changing market conditions, and position themselves for long-term success in an increasingly 

digital landscape. 
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