
 
 

 

 

 

 

 

 

 

 

DIGITALIZATION OF CIRCULAR ECONOMY BUSINESS MODEL: A 

LITERATURE REVIEW FRAMEWORK 

 

 

 

 

Lappeenranta–Lahti University of Technology LUT 

Master’s Programme in GMIT, Master’s thesis  

2021  

Tatiana Gogol 

Examiner(s): Professor Ville Ojanen 

                      Associate Professor Ari Happonen, D.Sc. (Tech)  



 
 

ABSTRACT 

Lappeenranta–Lahti University of Technology LUT 

Your school: LUT School of Engineering Science 

Your degree programme: Industrial Engineering and Management 

 

Tatiana Gogol 

 

Digitalization of circular economy business model: a literature review framework 

Master’s thesis 

2021 

59 pages, 7 figures and 6 tables 

Examiner(s): Ville Ojanen, D.Sc. (Tech.) 

Ari Happoinen, D.Sc. (Tech). 

 

Keywords: digitalization, waste management, circular economy, business model 

 

Today, the transition of the economy to a closed-loop system is strongly facilitated by 

digitalization processes. Such a transition can greatly simplify the implementation of work 

processes: you can learn about the availability, dimensions and states of objects. Monitor 

the quality of your products and services and adjust the time frames for processes. The 

main benefit of digitalization can be said to be significant overall efficiency gains, 

especially in closed-economy trading models. However, it never happens that there are no 

problems anywhere. Works published on the topic of researching opportunities, problems 

with the use of digital technologies, began to appear in large quantities relatively recently. 

This affects the availability of such information. Therefore, this work is written with the 

aim of clarifying the various points of view presented in the literature. We also examined 

how and how business models of a closed economy use the means and methods of 

digitalization. This paper identifies current research gaps and provides space for further 

theoretical and empirical research. 
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1. Introduction 

The thesis performs a research overview on products and/or services offered where the main idea 

is to transform the business model in a way of using technology and digitalization in order to 

help other companies in waste, sustainability and circularity context. The following chapters 

discover the backgrounds of the current situation with circular economy (CE)-based business 

models (BMs), the BM digitalization over the years, the research gaps of the study, research 

design, as well as its scope and limitations. 

1.1 Background of the study 

The active formation and diffusion of digital technologies in recent years is importantly 

replacing the appearance of the main sectors of the economy, the economy and the public sphere. 

More and more organizations want to move business processes to a digital environment, most 

significantly reducing transaction losses and importantly increasing the size of financial work. A 

large, practically barrier-free bazaar is emerging in Online, with in fact massive competition and 

rather high dynamics of all its own components (companies, products and offers, consumers). In 

these criteria, the necessary moment of competitive outstanding qualities is the ability to process 

and analyze large amounts of data. Business stability and opportunities for business development 

are guided by the ability, many times sooner than any other 20-30 years ago, to respond to the 

changing needs of buyers and to promptly bring fresh products and offers to the market through 

electric sales channels. Now the market price of many firms is largely guided by "digital assets" 

(the size and loyalty of the Internet audience, brand awareness and reputation in cyberspace, 

etc.). Their significance illustrates that the precedent, in fact, that in recent years digital giants 

(Facebook, Google, Microsoft, Apple, Amazon) have achieved record market capitalization, and 

their aggregate price forms an important share of the entire S&P 500 stock index. So strong 

market configurations are linked with the proliferation of digital business models. Here are just a 

few examples of these models:  

• digital platforms and ecosystems that make it possible to accelerate and reduce the cost of 

consumer access to goods and services;  

• fresh funding systems, embracing crowdfunding;  
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• monetization of individual data and profiles, providing a targeted offer, covering pricing 

and the creation of individualized packages of goods and services; • service models for 

providing resources - for example, Bank-as-a-Service (BaaS), Infrastructure-as-a-Service 

(IaaS).  

At the same time, the extent to which new business models are adopted differs strongly by 

industry. In the field of cash offers and retail, they have been widely used for more than 10 years, 

and the epidemic only only intensified this trend. But in some more "conservative" sectors of the 

economy, platform conclusions are still only just shining to find a use, and this will require not 

only technological addiction, but also significant organizational changes, restructuring of classic 

business methods.  

Ignoring important industry features and uneven implementation of digital technologies, literally 

all scientists and specialists agree on the highest estimates of the significance of digitalization for 

socio-economic development. Almost all creators believe that there is practically no alternative 

to this process, including in the most technologically inert sectors of the economy. More of this, 

recently the more “strong” term “digital transformation” has become widespread, which, from 

our point of view, reflects the increasing expectations of constructive shifts and effects from the 

introduction of the new generation of digital technologies. As a consequence, in recent years in 

the European Union, England, the USA, Canada, the Land of the Rising Sun, the Republic of 

Korea and some other states, a large number of sectoral digital modification strategies have been 

adopted. They represent a fresh period of the digital economy shaping agenda, combining the 

intentions of the emergence of individual technologies with their specific applications. Thanks to 

various measures of assistance from the country, in the amount of the latest generation 

(regulatory sandboxes, laboratories alive, virtual test sites, etc.), fresh breakthrough conclusions 

are noticed. Thus, in England, within the framework of the catapult center program, 

infrastructure is provided for prototyping and presentation of new technologies, covering virtual 

production sites, test sites for approbation of devices for Internet of Things (OECD, 2019). This, 

in turn, enhances the ability of members to cooperate at various steps in the current digital 

product and offer cycle. 

Transforming a business with ambitious sustainability goals across the value chain is a much-

needed acceleration of progress. Transformation also applies to new business collaborations - the 

role of partnerships in achieving such ambitious goals can hardly be overestimated. 

Implementation of sustainable development is a new era. However, market participants to each 
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other: there are more and more inspiring examples, mutually beneficial partnerships, 

breakthrough technologies.  

1.2 Research gap and research questions 

The primary objective of this paper is to define what digitalization processes and methods could 

be useful in order to improve companies’ business models in a way of creating additional value 

off waste management. The aim of the study is also to create understanding of the main 

opportunities and challenges of digitalization implementing the circular economy transformation. 

 

Figure 1. Illustration of the research gap 

Thus, three research questions are posed here:  

1. Why implementing of digital innovations in CE-based business models beneficial? 

2. What hardships and obstacles can such a business model face in the process of adopting 

digital systems? 

3. How companies with circular business models solve these challenges?  

In this paper, we will assume that digitalization is new digital technologies transforming the 

industry. The Internet of Things is now the mainstream and arguably the most prevalent digital 

transformation technology. In some sources, the Internet of Things is defined as the ability to 
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exchange information between platforms through the interconnection of sensory and executive 

devices. All this forms a single structure, the overall operating picture of which can be presented 

with the help of innovative applications (Gubbi et al., 2013). Various sensing options (seamless 

large-scale and ubiquitous sensing) to provide information, data analysis and the use of cloud 

computing are integral parts of this process. 

1.3 Research design and structure 

In this study, we start with background, discuss about methods overview, describe questions of 

research and focus on the research gap. We also determine research delimitations.  

Chapter 2 is devoted to a general definition of circular economy, CE-based business models, and 

digitalization of BMs. It is focused on analysis of theoretical approaches to definitions, 

algorithms of development, management and transforming of CE-based business models. 

Chapter 3 discusses in detail the research methodology. Chapter 4 discusses the theoretical and 

practical results of the research. Chapter 5 and 6 are wrapping up this paper with discussions and 

summing up.  
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Figure 2. The structure of studies 

1.4 Scope and delimitations 

Digital transformation brings not only positive effects, but also a variety of risks. The foremost 

pressing issue is cybersecurity. Already today, many processes are either fully administrated in 

an exceedingly digital environment or have digital twins. The transition to a far off mode of 

operation revealed the requirement to expand cybersecurity measures: the quantity of private 

devices for the exchange of corporate data with an insufficient level of cybersecurity increased 

by 40% (Statista, 2021). During the quarantine period in April 2020, cybersecurity solutions 

became the leader in terms of cost growth among digital technologies (84%). For comparison: 

the indicator for hybrid and cloud data storage reached 74%, for AI systems - 59% [Ibid.]. 

Protecting health infrastructure should be a priority. 

A second risk of serious public concern is job losses because of digitalization. In step with 

OECD estimates, the share of jobs which will significantly transform as a results of the 

introduction of latest technologies could reach 32% (OECD, 2019). First of all, this could affect 

industries where routine procedures prevail (industry, construction, etc.) (European Centre for 

the Development of Vocational Training, Cedefop, 2018). Additionally, the somewhat more 

specific risk of algorithmic discrimination is of some concern within the marketplace (ILO, 

2018). Due to the proliferation of means of monitoring work activities, including with the 

assistance of wearable electronics, data are collected, employee movements are monitored, on 

the idea of which decisions are made about the performance of a private using the [Ibid.] 

Algorithm. 

Many of the prevailing risks should be significantly reduced because of the introduction of latest 

regulations. In keeping with the International Telecommunication Union, it's legislative norms 

that play a decisive role for digital transformation. However, today only 8% of states have a 

comprehensive regulatory framework (ITU, 2020). 

In this work we ask our research question: “What is the position of digital transformation in 

different industries?” Our work reflects current digitalization strategies on implementing the 

products and digital transformation services into circular business models.  
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2. Theoretical framework 

2.1. Approach and strategy of literature review 

First of all, to start off our work, we analyzed the scientific literature on our topic. We needed to 

find out what studies on the digitalization of circular economy-based business models. Thus, we 

classified articles according to the dates of their publication. We present the trend analysis and 

article distribution by in Figure 3.  

We can clearly see the non-stopping interest to our topic. The trend line grows constantly, and 

the amount of articles on our topic is skyrocketed in 2019. We can conclude here, that our thesis 

idea is relevant and deeper study is required. 

 

Figure 3. The trend of studying the development of digitalization of CE-based business models 

(according to ScienceDirect, 2021) 

The  search  for  documents  on  the  relationship  between the CE-based business models and the 

issues concerning their digitalization, is carried out using the following keywords and full 

phrases: 

a. “circular economy” AND “business model” 
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b. “circular economy” AND “digitalization” 

c. (“digitalization” OR “digital transformation”) AND “circular economy” AND “business 

model” 

d. (“digitalization” OR “digital transformation”) AND (“waste management” OR “circular 

economy”) AND “business model” 

e. (“digitalization” OR “digital transformation”) AND (“waste management” OR “circular 

economy”) AND (“business model” OR “value creation”)  

f. (“digitalization” OR “digital transformation”) AND (“waste management” OR “circular 

economy”) AND (“business model” OR “value creation”) 2015-2021  

Table 1. Analysis of literature by keywords, 2021 

 

 

After conducting relevant paper search using keywords, we got 475 papers total within six search 

databases. By excluding 459 articles by relevance after reading them, we got the total number of 

relevant articles equal 16 (Table 1). 

We needed to understand what ideas are used in the existing literature. Also, one of the 

objectives of the study was to compare and summarize the results of previous studies on the 

digitalization of closed-loop business models. In their 2005 work on small and medium-sized 

enterprises, Thorpe R. et al. Proposed their version of the qualitative synthesis, where the 

relevant studies and works are categorized into three lists according to the level of relevance 

(Thorpe et al., 2006). 

Because adaptation and interpretation of Thorpe R. et al.’ s work was written in a different field 

of study, thus, in order to implement this method in our work, we need to modify it. As the 

author of the method suggested, we classified found articles into three categories – lists. In the 
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order of relevance, our List A includes articles that are the most relevant to our study. We find 

them by focusing on the following points:: 

- describing the main features of CE-based business models; 

- defining the issues connected with the digitalization. 

List B consists of partially relevant studies 

- impact of digitalization on CE-based business models 

Finally, list C includes less relevant studies with: 

- companies’ behavior; 

- impact of public policy on companies. 

As we stated before, after reading the article remained we chose and distributed relevant articles 

according to points and qualities mentioned earlier. The following is the result: 

1. List A – 4 papers. 

2. List B – 4 papers. 

3. List C – 8 papers. 

Most of the articles within the relevance groups are pointing out the key issues and features on 

the benefits of digitalization on CE-based business models. Lists B and C deal mostly with the 

psychological and political aspects in developing marketing strategies.  

2.2. Circular economy 

In the last decade, a new concept of building a model of the economy, called the “circular 

economy”, has received special attention. There was a new path of development for the society 

along with the sustainability. The research on specific spheres of the environmentalism economy 

showed their interdependence, the similarity of the formation approach. It confirmed that the 

peaceful and safe life on Earth is a primary global goal for all the researchers., taking into 

account the differences that the achievement occurs in different ways using various campaigns 

(D’Amato et al., 2017; Geissdoerfer et al., 2017; Батова, Сачек and Точицкая, 2018; Gureva 

and Deviatkova, 2021). 
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Considering “circular economy”, we can point out several options and opinions on the origin of 

the term. A number of researchers believe that it is a new stage in the development of the 

concept of sustainable development and a green economy in particular. However, it is not often 

considered as an independent way of development in economic theory. (Гурьева, 2013; 

Есипова, Блажнов and Сацюк, 2018; Gureva and Deviatkova, 2021). 

The earliest mention of a circular economy dates back to 1976 in a work authored by Walter 

Stahel, who proposed the idea of transition from a linear model of an economy which depends on 

resources to a circular economy (Murray, Skene and Haynes, 2017; Reike, Vermeulen and 

Witjes, 2018; Есипова, Блажнов and Сацюк, 2018). The main interpretations of the concept of 

“circular economy” proposed by researchers are presented in Table 2.  

Table 2. The main interpretations of the concept of “circular economy” 

 

 

In general, approaches to the interpretation of the concept of a circular economy are usually 

grouped in according with these definitions: a certain model, activity, system, strategy, process, 

instrument, economics, philosophy. The most frequently utilized and accepted interpretation, that 

we can find in different scientific literature and the media, is the term proposed in 2012 by The 

Ellen MacArthur Foundation. 

The name Ellen McCarthur is closely related to the concept of circular economy. In 2005, she set 

the world record for solo circumnavigation of the world. In 2010, after completing her sports 

career, she founded a charitable foundation in her own name and focused on the use of resources 
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and energy in the global economy. The Ellen MacArthur Foundation is designed to accelerate the 

transition to a circular economy. The Foundation operates in 6 main areas: analysis, 

communication, system initiatives, institutions, governments, cities, business and education. 

Since its inception, the charity has become a leader in global thought, placing circular economy 

on the agenda of decision-makers in business, government and academia. The Foundation 

actively participates in the leading economic forums of the world, and attracts an increasing 

number of interested parties (Ellen MacArthur Foundation, 2021). 

The movement towards sustainable development in recent years has become more significant 

and ambitious. In 2020, it reached a new level: despite the Covid-19 pandemic, at the end of the 

year, the value of ESG's global assets reached (Bloomberg, 2021) $ 37.8 trillion, an increase of 

24% in just two years. This is an absolute record. By 2025, according to Bloomberg, ESG's 

global assets will exceed $ 53 trillion, which is more than a third of the projected total assets 

under management (140.5 trillion).  

In 2015, UN formulated 17 Sustainable Development Goals for the period until 2030 (SDGs or 

SDGs - Sustainable Development Goals), which deal with inequality, solving environmental 

problems and others. They can be solved only by the joint efforts of all mankind, including 

business. As a result, 90% of companies in the S&P 500 release (G&A Inc., 2019) corporate 

reports on the achievement of the SDGs and indeed do much more for society and nature. 

Leading countries, service providers, service providers and service providers are always working 

towards sustainable development. The ESG (Environment, Social, Corporate Governance) 

factors, used to assess the performance of companies in relation to the environment, society and 

corporate governance, are monitored by investors and other stakeholders along with the 

indicators of companies' profitability. Low results of sustainable development. To achieve 

significant results by 2030, the company needs ambitious goals and fundamental changes in the 

way it does business. According to a study by the UN Global Compact (Strategy, 2019), only 

25% of companies set goals in accordance with the needs of society or the environment, and 

35% of companies of companies pursue corporate strategy in accordance with development 

goals.  
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2.2.1. CE business models 

In connection with the new approach to the conduct of economic activity, there is a need to 

create innovations at all stages of the existence of products. For these purposes, it is necessary to 

apply new circular business models. 

Circular business models is an umbrella term for a wide variety of business models that seek to: 

- using fewer materials and resources for the production of products and / or services; 

- extending the life of existing products and / or services through repair and refurbishment; 

- completion of the life cycle of products through processing, benefiting from the residual 

value of products and materials ( Batova, Sachek and Tochizkaya, 2018). 

Accenture experts have developed a recognized classification of innovative business models, 

implemented both individually and jointly. The interaction of these models within the cyclical 

model of a circular economy is shown in Figure 4. 

Circular suppliers is a model in which limited resources are replaced by fully renewable sources. 

Based on long-term research and development, involves the provision of fully recyclable or 

biodegradable resources that form the basis of the circular system of production and 

consumption (Batova, Sachek and Tochizkaya, 2018). The leaders in the economy for the 

implementation of this model are such industries as the automotive industry and energy. This 

circular business model is used by Ford, Fairphone, 3D Hubs, Desso, Toyota, Cisco  Pachomova, 

Kurt and Vetrova, 2017). 

Resources recovery is a model based on the use of technological innovations for the recovery 

and reuse of resources, ensuring the elimination of their losses by reducing waste and increasing 

the profitability of production from return flows. This model is most suitable for enterprises that 

both produce large volumes of by-products and have the ability to efficiently recover and recycle 

waste. Examples of companies using this business model include Coca-Cola, Philips, Maersk, 

Walt Disney World Resort (Пахомова, Курт and Ветрова, 2017). 
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Figure 4. Five business models in a circular economy (Source: Accenture, 2014) 

Sharing platforms. It is a model that builds on the exchange or sharing of goods or assets. 

Provides the promotion of platforms for interaction between users of the product (individuals or 

organizations), thereby increasing the level of its use. It is of interest to manufacturers with low 

product utilization or underutilized capacities (Батова, Сачек and Точицкая, 2018). This 

business model is the basis for the activities of BlaBlacar, Nearly New Car, BMW, Lyft, Drivy 

(Пахомова, Курт and Ветрова, 2017). 

Product life extension is a model that allows companies to extend the life cycle of their products 

through repair, modernization, reconstruction or refurbishment. More suitable for manufacturers 

of industrial equipment, where new models provide a slight increase in productivity compared to 

earlier (Accenture, 2014). This business model is used by Bosch, Volvo, Renault, Apple, 

Michelin (Пахомова, Курт and Ветрова, 2017). 

Product as a service is a model in which customers use products through "rent" with pay-as-you-

go. It acts as an alternative to buying a product, providing it for use, for example, through a 

rental agreement, leasing, etc. The business model is used in such companies as Rolls-Roycem 

Mud Jeans, De Kleding Bibliotheek (Пахомова, Курт and Ветрова, 2017). 

It is considered a valuable unit of study in academia and practice among those working on the 

subject of closed-economy business models (Massa, Tucci and Afuah, 2016). It is impossible not 

to assess the integrity and consistency of such a model. Its complexity can be used as a holistic 

plan for organizations. This business model canvas provides an opportunity to critically assess 

the status quo and innovation of business models. (Joyce and Paquin, 2016; Täuscher and 
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Abdelkafi, 2017). Also, we need to keep in mind that certain activities, choices, and 

organizational objects are linked under unique additional configurations. And it is precisely the 

consistency of such a business model that allows us to analyze the creation of organizational 

value (Casadesus-Masanell and Ricart, 2010; Zott and Amit, 2010; Täuscher and Abdelkafi, 

2017; CLAUSS et al., 2019; Schneider and Clauß, 2019). 

Initially, researchers viewed circular business models as nothing more than a concept or 

definition. However, they are now considered as a set of three volumetric spheres: value supply, 

value creation and value capture (Teece, 2010; Foss and Saebi, 2016; Nancy M.P. Bocken et al., 

2016; Clauss, 2017). In these three areas, the boundaries of the concept of a firm's business 

model are enclosed (Shafer, Smith and Linder, 2005). A value proposition consists of several 

aspects: the products and services offered by the company and their use. It also includes the 

definition of customers who solve their problems with the help of the company's proposals 

(Baden-Fuller and Haefliger, 2013). The value proposition lies in the internal and external 

capabilities of the firm, its technical infrastructure and processes that create value (Achtenhagen, 

Melin and Naldi, 2013; CLAUSS et al., 2019). Value capture is the firm making money, given 

the cost of creating value. Income sources and models related to the value proposition are 

considered for earning in the capture of value (Casadesus-Masanell and Ricart, 2010; Baden-

Fuller and Haefliger, 2013). 

If we consider the concept of a business model from the point of view of it in a circular 

economy, it turns out that when using the principles and practices of a closed economy, it creates 

the basis for the supply, creation and receipt of value (Nancy M P Bocken et al., 2016). Several 

conceptual classifications have been created to help companies and researchers use circular 

systems in their work (Lewandowski, 2016; Nancy M P Bocken et al., 2016; Urbinati, Chiaroni 

and Chiesa, 2017; Lüdeke-Freund, Gold and Bocken, 2019). However, as you explore this area, 

other areas of management fall into the study area, such as supply chain management, innovation 

management (Antikainen and Valkokari, 2016; Linder and Williander, 2017), entrepreneurship 

(Veleva and Bodkin, 2018), or even marketing (Kalverkamp and Raabe, 2017).  

2.3. Digital transformation 

The very concept of “digital transformation”, yet as some related ones, as an example, “digital 

maturity” and digitalization, have relatively recently acquire use within the professional 
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environment. Its generally accepted definition has not yet developed either in scientific literature, 

or in international manuals on statistical measurement, or in government documents (Table 3).  

From the samples of definitions given within the table, it will be seen that the concept of “digital 

transformation” is extremely multifaceted and might be interpreted very broadly. It's formed as a 

generalization of a reasonably large style of phenomena, and therefore the specific meaning 

largely depends on the context of the utilization of the concept. As an example, the digital 

transformation of an enterprise affects production, support and management processes; within 

the economy - provides new ways of interaction between counterparties; in society - gives rise to 

new communication formats for solving an entire range of tasks. And within these groups, the 

understanding of digital transformation can vary greatly, including within the light of industry 

specifics.  

The “blurring” of the content of the concept of “digital transformation” is aggravated by the 

actual fact that it characterizes relatively new, largely unexplored and really dynamic 

phenomena. Many researchers consider digital transformation as a process of change 

(transformation) of established economic and social institutions in reference to the introduction 

of digital technologies. However, digital technologies themselves are developing so rapidly and 

sometimes unpredictably that it becomes extremely difficult, often almost impossible, even 

normally terms, to foresee the implications of their spread. Moreover, this uncertainty grows 

very quickly if we attempt to lengthen the forecasting or planning horizon for the medium and 

even more so for the future. By itself, the concept of "digital transformation" doesn't contain 

specific instructions with a well-defined route from some initial to a selected end state, but rather 

sets benchmarks. 

Table 3. Examples of definitions of digital transformation 
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2.3.1. What is digital transformation, what are its boundaries? 

In the practice of leading countries, digital transformation implies the sectoral principle of 

supporting the introduction of latest technologies. At the identical time, programs and projects 

are often built both on the principle of introducing anybody promising group of technologies in 

several industries, where it's especially important, and, conversely, provide for the digital 

transformation of a specific industry through the forced implementation of the many 

technologically diverse solutions that are in demand during this sector of the economy. or the 

social sphere.  

An example of the primary approach is that the computing (AI) Development Program in 

Singapore, which involves the implementation of 5 sectoral projects: intelligent freight planning, 

seamless delivery of public services, early diagnosis and prediction of chronic diseases, 

personalization of educational trajectories and automation of migration procedures (Smart 

Nations, 2019).  

The second approach is vividly illustrated by the various programs initiated in 2020 within the 

health sector in reference to the necessity to combat the COVID-19 pandemic. for instance, the 

US has implemented a $ 200 million telemedicine service support program (Federal 

Communications Commission, 2020); the EU has committed 55.2 million euros to support 

innovative projects to combat the pandemic (European Commission, 2021); The German 

Ministry of Health has allocated 3 billion euros for the implementation of high-tech solutions, 

remote services for patients, medical robotics, further as improving information security 

(Gesetzentwurf der Fraktionen der CDU/CSU und SPD, 2020). 

Digital transformation affects the widest range of industries and organizations, from the foremost 

advanced in terms of adoption of digital technologies (for example, financial services) to the 

more conservative real sector. within the first case, an example may be a package of measures 

within the international organization aimed toward supporting fintech companies and removing 

regulatory barriers to cryptoassets (European Commission, 2020). Within the second, projects 

for the digital transformation of agriculture (for example, the Agro 4.0 program for the 

implementation of 4.0 technologies on farms and enterprises of the agro-industrial complex 

(AIC) in Brazil (Governo do Brasil, 2020)) or industry (the UK program for optimizing 

production processes and provide chains worth 170 million euros (Made Smarter, 2020)).  
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It's often very difficult to try and distinguish digital transformation from similar concepts, 

particularly digitalization. From the author’s point of view, the key sign of digital transformation 

are qualitative changes in business processes and business models, primarily arising within the 

framework of digital platforms, and significant socio-economic effects from their 

implementation. Digital transformation isn't only the introduction of digital technologies, but 

also the transformation of the many horizontal and vertical business processes, the optimization 

of operational procedures, a change within the established models and formats of interaction 

between participants in value chains. New technological solutions require complementary 

investments in improving organizational practices, developing employee competencies, and a 

culture of working with data and digital solutions. Digital transformation contributes to solving 

systemic problems in industries, reorganizing labor and automating routine tasks. Thus, within 

the wattage industry, the quantity of accidents at infrastructure facilities is decreasing, in 

construction - the amount of injuries at the development site. Digital products improve 

coordination within and between organizations and reduce transaction costs. As an example, 

platform solutions in logistics reduce the role of intermediaries, while simultaneously expanding 

the chances for communication with end users. within the power industry, consumers are getting 

prosumers, i.e. independently generate electricity and have the chance to sell its surplus (Joint 

Research Centre of European Commission, 2020). 

Taking into account the all considerations above, the author proposes the following definition of 

digital transformation - “qualitative changes in business processes or ways of carrying out 

economic activities (business models) as a result of the introduction of digital technologies, 

leading to significant socio-economic effects”. 

2.3.2. Important features of digital transformation today 

Regardless of how we define digital transformation, we are able to reasonably say that over the 

past few decades, the overwhelming majority of industries have more experienced variety of 

such periods. Without going into details, it's worth noting such stages because the spread of the 

employment of computers for solving applied industrial problems within the 1950s-1960s, the 

primary wave of production automation within the 1970s-1980s, the emergence of non-public 

computers within the 1980s-1990s, development of the web in 2000–2010. All of them 

significantly changed the face of economic and social sectors and even played a catalytic role 

within the emergence of variety of recent sectors, including, in fact, the world of knowledge and 
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telecommunication technologies. At the identical time, there's a particular specificity at this 

stage. 

1. A brand new round of technological development. The foremost important catalyst for the 

new stage of digital transformation is that the growing success within the development of 

advanced technological areas, including AI, robotics, blockchain, virtual and augmented reality 

technologies, and variety of others. These technologies provide consumers with unique 

capabilities, including highly accurate forecasting and data-driven management decisions, 

multiple cost savings, and better customer experience. As a result, with the general positive 

dynamics of investments in information and telecommunication technologies (ICT), more and 

more investments are made on technologies of the new generation (Fig. 5). 

The share of advanced digital technologies in total spending is steadily growing and will reach 

23.4% by 2023. In 2020, as results of the pandemic, even more tangible shifts were outlined: 

industry investments in advanced technologies grew by 16% over the year, while spending on 

traditional ICT (including software, hardware, information and telecommunications services) 

decreased by 3%. 

 
 New digital technologies 

 Traditional ICTs 

 Share of NDT in the total volume of costs 

Figure 5. Dynamics of spending on new and traditional ICTs in the world, USD billion, 

according to IDC, (IDC, 2020a) 

The priority high-tech areas include 11 digital technologies, the event of which is most actively 

supported in leading countries: AI; new production technologies; robotics and sensorics; Internet 

of Things (IoT); fifth generation mobile communication networks (5G; digital services); new 
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communication Internet technologies; virtual and augmented reality technologies; distributed 

ledger technologies; quantum communications; quantum sensors; quantum computing. 

At the identical time, the noted list of technologies doesn't exhaust the worldwide digital agenda. 

particularly, it's advisable to notice the subsequent promising technological directions, which 

don't seem to be yet within the focus of attention in our country, but at the identical time are 

actively developing abroad: geoinformation and navigation technologies (spatial data); photonics 

technologies; cloud, fog, edge, dew computing technologies; cyberbiological systems (including 

neurotechnology); authentication and identification technologies (including biometric 

technologies); supercomputer and grid technologies. In general, it's necessary to regularly update 

the priorities, including on the idea of professional foresight research and large data analysis. 

2. Unprecedented growth in demand for digital technologies. Recently, more and more people 

are recognizing the plain benefits of using digital technologies during a big variety of activities. 

This is often largely thanks to the very fact that the products and services themselves became 

simple and intuitive to use and sometimes don't require a major investment of your time and 

resources from users to master the mandatory skills. Globally, over 1/2 top managers of huge 

companies share the identical opinion (54% in 2020 and 56% in 2021) (Statista, 2020). This 

record surge in interest and big demand for digital technology across virtually every industry is 

unparalleled in history. 

3. Shortening the life cycle of technologies. The sharp increase in demand has led to a discount 

within the time-frame for the “release of advanced technologies from laboratories”. A typical 

example is that the rapid progress of quantum technologies. Evidently, within the future (3-5 

years) their development will provide a brand new level of speed and reliability of computing 

and data transmission. At the identical time, individual effective solutions are already being 

employed, including for solving the foremost urgent problems. As an example, research on 

combating COVID-19 in Canada was dole out using D-Wave's cloud quantum computing. 

Further technological advances are determined by the power to create and apply unique 

knowledge at the intersection of fundamental research and applied development, including in 

line with the event of deep technologies at the earliest stages of the life cycle (DeepTech). The 

prospect of commercialization increases the attractiveness of this area for capital investments: 

today one in five unicorn companies could be a DeepTech representative (SOSV, 2020). 

A new surge within the accelerated creation and time to plug of products and services is 

predicted to be related to the mixture of various technological directions in one solution. A vivid 
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illustration is that the dynamic development of systems supported "digital twins", including 

elements of AI, the Internet of Things, wireless communication technologies, sensor systems and 

other technologies. The annual growth of this market from 2020 to 2026 are going to be about 

58% (Markets and Markets, 2020). 

Emerging technologies will result in a replacement breakthrough on the premise of more mature 

ones. samples of the emergence of promising solutions at the intersection of technologies: 

quantum Internet of things, quantum AI, etc. The creation of quantum neural networks will 

significantly reduce the training period for models, which today takes several years. As a result, 

it'll be possible to unravel non-trivial problems, like modeling proteins taking under 

consideration their changing structure to make drugs (including personalized ones) or optimizing 

the molecular structure of drugs for the event of latest styles of materials and fuels (CB Insights, 

2020).  

On the horizon of 5-10 years, fifth (5G) and sixth (6G) generation wireless networks, because of 

high communication speeds and low latency, will transform communication capabilities (up to 

the implementation of the tactile Internet, telepresence and transmission of 3D holograms) and 

build "points of growth" in various sectors. New areas of application will become widespread: 

monitoring and control of production processes in real time through immersive audiovisual 

channels, remote robotic surgery and transmission of tactile sensations to observe the patient's 

condition, complete "digitization" of all elements of the farm, performing routine operations with 

remotely controlled robots in real time, etc. 

4. New impulses of digitalization because of the pandemic. The spread of COVID-19 has 

provoked both quantitative and qualitative changes in global technology trends. The changing 

needs of industries and also the population are now becoming one among the key drivers of 

further digitalization. In 2020, not only new areas of application of digital technologies 

(CovidTech) appeared, but also their role in people's lives was reassessed: the main target was on 

the daily needs of an individual, no matter location, with the requirement to produce customized 

remote services. Moreover, additionally, the speed of how our world changes skyrocketed: 

during the pandemic, in several months, the level of digitalization of internal processes and 

merchandise lines broke through in several sectors of the economy, compared to changes in the 

same sectors in the span of the previous 3-4 years (McKinsey&Company, 2020). First of all, the 

introduction of more mature, already approved technologies has intensified, which became a fast 

and effective response to new socio-economic challenges in industries. 
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Social distancing, teleworking and learning and other "pandemic" realities of 2020 have changed 

our understanding of a snug and safe environment for keeps, catalyzing the trend towards the 

merging of digital and physical reality (phygital concept). Digital channels and services have 

given the patron the chance to receive a awfully big selection of services even at the height of the 

lockdown. We are talking not only about distance services, which have shown significant growth 

(over the past year, the degree of e-commerce has grown by 25%, online food delivery - by 27%, 

distance sports - by 30%), but also about advanced digital solutions (monitoring of contacts and 

predicting the event of an outbreak using AI, molecular design of medicine and vaccines, 

sterilization of premises by autonomous robots, delivery of biomaterials by drones from remote 

locations, creation of transparent drug supply chains supported blockchain, etc.) (Statista, 2020). 

Social distancing, teleworking and learning and other "pandemic" realities of 2020 have changed 

our understanding of a cushty and safe environment always, catalyzing the trend towards the 

merging of digital and physical reality (phygital concept). Digital channels and services have 

given the buyer the chance to receive a awfully big selection of services even at the height of the 

lockdown. We are talking not only about distance services, which have shown significant growth 

(over the past year, the degree of e-commerce has grown by 25%, online food delivery - by 27%, 

distance sports - by 30%), but also about advanced digital solutions (monitoring of contacts and 

predicting the event of an epidemic using AI, molecular design of medication and vaccines, 

sterilization of premises by autonomous robots, delivery of biomaterials by drones from remote 

locations, creation of transparent drug supply chains supported blockchain, etc.) (Statista, 2020). 

Changes in people's lifestyles have contributed to the emergence of radically new solutions for 

urban spaces (for example, the employment of Boston Dynamics robotic dogs to keep up 

distance in parks in Singapore). Overall, global investment in smart city solutions grew by 11.7% 

in 2020 (BBC, 2020); (Statista, 2020). In other sectors of the economy, digitalization has also 

provided opportunities to reduce risks and make comfortable conditions for humans through 

robotization of apparatus maintenance and repair processes (including in hard-to-reach or 

hazardous locations for humans), predictive analysis of management processes, automated 

diagnostics systems using unmanned aerial vehicles. , remote expert consultations, training using 

video game technologies, etc. a brand new round within the development of the trend of 

personalization (and even hyper-personalization) and proactive provision of services - 

recognition of a personality's mood and his emotional reactions and response in text, voice, facial 

expressions and gestures. This can be not a theoretical concept, but a very working tool which 

will bring tangible effects in industries thanks to a much better understanding of the consumer: 
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the worldwide marketplace for affective computing2 is now about $ 87 billion (CB Insights, 

2021). In healthcare, such functions are getting a vital a part of diagnosis and treatment, making 

it possible to trace discomfort or other patient reactions during examinations and medical 

interventions. 

Against this background, the role of computer science is increasing. consistent with experts, the 

spread of those technologies within the economic and social sectors will bring a rise in added 

value from 3.5 to 5.8 trillion US dollars (McKinsey Global Institute, 2018). At the identical time, 

certain limitations have emerged along this path, among which are the extremely high power 

consumption of machine learning models and also the corresponding environmental restrictions, 

ethical issues and therefore the problem of the "black box". to beat them, new models are being 

created, including computing on a distributed network of end devices (Edge AI) and 

neuromorphic computing, likewise because the concepts of Explainable AI and Responsible AI. 

2.3.3. Digital technologies in CE 

In 2000-2010, the phrase “digital manufacturing” was understood as a set of application systems 

that were mainly used to automate individual processes of machine tools, workstation planning, 

programming robots, collecting and managing production information and resource planning. 

Currently, “digital manufacturing” has become a broader concept and includes the use of digital 

modeling technologies and the design of products and manufacturing processes throughout the 

entire life cycle. Important features of digital production are the integration of production and 

business processes in one system, the presence of a single language of communication for 

devices and machines, and the adoption of most decisions by the forces of artificial intelligence. 

Digital technologies allow not only to increase economic efficiency, but also solve individual 

problems of the transition to the principles of a circular economy (circular economy, circular 

economy). 

The circular economy presupposes the preservation of the value of goods and raw materials for a 

long period of time through their reuse in the production cycle, which minimizes the generation 

of waste. The key principle of the circular economy model is to maximize the efficiency of each 

process in the life cycle of a product or service. In turn, achieving efficiency of business 

processes is impossible without the use of advanced digital technologies for design, modeling, 

and production management. With the help of digital technologies, issues related to rational 
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energy and resource consumption, reducing the number of scrap and downtime, optimizing the 

work of personnel are being resolved. 

One of the principles of a circular economy is the sharing and exchange of resources. It involves 

the use of the Internet, online platforms and social media - the points where supply and demand 

meet. In this case, digitalization contributes to the emergence of new, potentially closed or, in 

other words, cyclical business models, within which resources are managed and allocated 

through online platforms, often connected to the Internet of Things. Thus, pay-as-you-go 

services can be incorporated into a digital infrastructure that facilitates the continuous exchange 

of data between the provider and the user of the device (Tunn et al., 2019). Thus, the 

digitalization of production can be called one of the main factors in the transition of an enterprise 

to the principles of a circular economy. 

An important condition for the successful digital transformation of enterprises is the technology 

of digital twins, which involves the creation of a virtual copy of a physical product, process, a 

separate installation, or even entire production complexes. The digital twin uses sensors to 

collect and analyze data obtained at the stage of development, manufacture and the entire life 

cycle of a real object. 

The technology makes it possible to simulate various situations that may arise in production. 

Thus, the digital twin allows you to select the most adequate scenarios for carrying out 

technological processes in order to avoid failures and force majeure (Tokody, 2018).  
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Table 4. Digital technologies in CE: Extant studies and identified gaps. 

 

 

2.4. Challenges related to digitalization 

If we are talking about the fourth industrial revolution, then the main link in it is the digital 

transformation of our world. Many spheres and industries, which until now were mostly 

"manual" and did not make concessions to something new, after years of work in an unchanged 

mode, began to cave in under the inevitability of transformations, in fact becoming, in the broad 

sense of the word, high-tech. But this whole procedure cannot be viewed only as technological 

changes. With the emergence of new means and mechanisms, new models of economic activity 

also undergo changes, due to which economic and social institutions change. Digitalization 

cannot be viewed as a separate and easy process. For this process, there are no universally 

correct decisions and a scheduled action plan; it literally affects all areas of life. And in order for 

this transformation to be successfully implemented, a number of conditions must be met, 

including the preparedness of organizations and markets at the technological and managerial 
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levels.In leading economies, digital transformation is seen as the forefront of a broader 

digitalization trend for industries that have already reached a high level of digital maturity. The 

proliferation of new business models based on digital technologies and online platforms is just 

the tip of the iceberg. This is preceded by a long stage in the formation of information and 

telecommunications infrastructure, the accumulation of human resources, adaptation of 

regulation, etc .; the introduction of electronic document management, the creation of digital 

twins, and the formation of a data market are of great importance. This work is still far from 

complete and will continue (Solntsev and Petrenko, 2021).  

In many countries, successful experience in digital transformation of industries is based on the 

key role of the corporate sector, focused on customer needs and market demands. This allows 

you to develop economically sound, consumer-demanded digital transformation strategies. The 

state often initiates appropriate changes, including through the implementation of demonstration 

projects, but “steps aside” in time, allowing market mechanisms to select effective solutions. At 

the same time, in our country, individual attempts are being made to “organize” digital 

transformation exclusively “within the perimeter” of the public sector, relying on approaches that 

are rather limited in their tools and largely out of date. At the same time, digital transformation is 

actually reduced to the “self-copying” of the state in the digital environment. In this case, it is 

difficult to count on any significant effects, except for a certain increase in the efficiency of 

solving traditional problems. 

In particular, in the proposals of departments within the framework of sectoral digital 

transformation projects, almost the main element is the construction of integral sectoral 

platforms, which, on the one hand, should unite various information systems that ensure the 

collection and processing of data for decision-making by specialized authorities, and on the other 

- are designed to contribute to the digital transformation of business. Industry platforms have 

already been created in healthcare, industry, energy. Projects are being implemented to create a 

national platform for digital public administration of agriculture, a digital platform for the 

transport complex. This is generally a positive practice in line with global trends. However, it 

should be remembered that in the last 10 years or more, many information systems (IS) have 

been created at public expense, but most of them have remained unclaimed. Yes, some ISs 

became very successful and recouped the costs of their creation many times over, but still 

significant budgetary funds did not bring the planned return. In order not to completely discredit 

this direction of work, which is important for digital transformation and not to waste significant 

time and resources, it is necessary to objectively, including with the participation of all 
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potentially interested parties, evaluate plans for the creation of new and development of created 

IP in accordance with the interests and needs of the prospective beneficiaries and ensure their 

direct involvement in the development and implementation of these plans. 

In Russia, with the still generally relatively low intensity of the use of advanced digital 

technologies by organizations, some sectors of the economy have emerged as global leaders in 

digital transformation. The most striking example is the financial sector. Russia ranks 1st (82%) 

among European countries in terms of the level of implementation of financial technologies in 

the consumer segment. The most important factor here is the readiness of citizens to actively use 

new solutions. Taking this into account, today it is of paramount importance to train personnel 

with sufficient qualifications to carry out digital transformation in the sectors of the economy 

and the social sphere, stimulate the proliferation of advanced institutions and develop regulation 

that creates favorable conditions for digital transformation (Solntsev and Petrenko, 2021). 
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3. Data and methods 

This chapter describes methods and data for reviewing the literature and other sources. The first 

section discusses the research method. The second section describes the study design. The 

following sections provide information on data collection and analysis, methods of data analysis, 

and assessment of research reliability.  

3.1. Research method 

Since this work is more of a literary review, then when writing it we used a quantitative method 

of literature analysis to structure information. This approach was necessary to understand the 

intersection between business models and the circular economy, as well as to understand how 

these relationships and the entire field of study in general developed. 

3.2. Research design 

We needed to thoroughly study and develop a theoretical understanding of the relationship 

between business models of a closed economy and their digitalization. To do this, we decided to 

use a qualitative multiple case study strategy. Having selected several cases for use in work, we 

were able to study and analyze the process of digital processing of these companies, the impact 

on the work of companies and draw appropriate conclusions. 

The research was based on the works of foreign authors and methodological recommendations of 

the Ministry of Digital Development, Communications and Mass Media of the Russian 

Federation. It will also consider the annual reports of the systems of industrial companies in 

Russia (PJSC NK Rosneft, PJSC Lukoil, PJSC Gazprom Neft, JSC Russian Railways), which 

today are among the leaders in digital transformation (Table 5). 
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Table 5. The selected types of companies 

 

 

3.3. Data collection and analysis 

The bibliometric analysis search was conducted in September 2021 and utilized three different 

databases: Scopus, Web of Science (WoS) Core Collection, and ScienceDirect. We used a 

keyword Boolean search with ( Digitalization OR digital transformation ) AND ( Waste 

management OR Circular economy ) AND ( business model OR value creation ). To identify the 

most influential journals in the field of business model and circular economy, we focused on 

journal articles, including reviews, editorial materials, and notes published in journals. 

3.4. Data analysis methods 

Data analysis was carried out in several stages. Initially, all cases were analyzed in terms of how 

digitalization has applied the principles of a circular economy. From this stage, we figured out 

the relationship between the use of digital technologies and the business model of the innovation 

process of this company. Further, it was required to conduct a cross-sectional analysis of the 

cases, from which we were able to identify common patterns. Cross-sectional analysis also 

identified similarities and differences between cases. 

3.5. Reliability and validity 

When conducting research, it is very important to ensure that it is reliable and valid. This work 

was performed in accordance with the rules of the analysis and provides the ability to repeat the 
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result when re-analyzing the analysis. The structure of the work also follows from this. We 

wanted it to be clear and understandable to the reader. A set of both literary sources and practical 

cases of statistical data is used, including interviews and the media. Also, after analyzing and 

summarizing it, the results were compared with the existing reliable literature in order to 

summarize the result in an analytical manner. 
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4. Findings 

In this chapter of the work described the results of our research: digitalization as a way of 

creating opportunities, challenges concerning the process of digitalization, and solutions to these 

challenges. 

4.1. Structure of digital transformation strategy 

For the purpose of digital transformation of priority sectors of the economy, the Ministry of 

Digital Development of the Russian Federation has prepared Guidelines for the digital 

transformation of state corporations and companies with state participation (approved on 

November 6, 2020 at a meeting of the Presidium of the Government Commission on Digital 

Development) (A.V. Savoskin, 2021). According to these guidelines, a digital transformation 

strategy should contain the following sections: 

- Current state and prospects. 

- Target vision, goals and key performance indicators. 

- Initiatives and roadmap. 

- Personnel, competence and culture. 

- Management model. 

- Funding model. 

The choice of these companies is due to their contribution to Russia's GDP. At the end of 2019, 

the leaders in terms of revenue (billion rubles) among industrial companies were: 

- PJSC NK Rosneft - 8676; 

- PJSC Lukoil - 7841; 

- PJSC Gazprom Neft - 2485; 

- JSC Russian Railways - 2508. 
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4.1.1. Current state and prospects of digital transformation 

This section is built on the principle of top-down analysis and involves the analysis of digital 

transformation processes in the industry and in the company itself. This section can contain 2 

blocks: 

Analysis of digital transformation in the industry - changes in consumer behavior and in the 

business models of competitors, including the assessment of new online platforms and digital 

ecosystems, changes in the applied technologies (A.V. Savoskin, 2021). For industrial 

companies operating in B2B segments and monopolies (for example, Russian Railways), the 

main emphasis should be on describing new technologies used in the industry and the possibility 

of their implementation into the work of the company. 

For analysis and interaction with the market, Rosneft organizes an online exhibition of domestic 

IT solutions, Rosneft Pitch Day. Based on its results, focus groups of technologies for testing in 

the company are determined, such as the “industrial Internet of things”, big data, artificial 

intelligence, wireless technologies and blockchain (A.V. Savoskin, 2021). 

Based on the analysis of industry specifics, Russian Railways identified a portfolio of promising 

end-to-end digital transformation technologies, including the Internet of Things, big data, 

distributed ledgers (blockchain), artificial intelligence, virtual and augmented reality, new data 

transmission technologies (including quantum communications). 

Assessing the digital maturity of a company involves analyzing the basic directions of digital 

transformation, elements of the corporate environment, as well as the current level of use of 

digital technologies and its potential relative to the experience described in the previous section. 

The same block should reflect the risks and threats to information security arising in the process 

of digital transformation, the monetary assessment of their consequences and appropriate 

management measures (A.V. Savoskin, 2021). 

For Rosneft, “digitalization along the entire perimeter of the business with the creation of a 

sustainable technological advantage” is one of the four principles of business, and digital 

products are implemented along the entire perimeter of the business: 

- digital field; 

- digital factory; 
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- digital filling station and digital supply chain; 

- sustainable development. 

Essentially similar initiatives have been developed at Gazprom Neft: artificial intelligence in 

geological exploration; electronic asset development; digital control system for Arctic logistics 

“CAPITAN”; 100% digital client; analytical data management platform; geoanalytic platform. 

4.1.2. Target Vision of Digital Transformation" 

This section includes 4 blocks: Target business model in the context of transformation, taking 

into account market trends and digital maturity of the company itself. The business model 

describes the processes of forming and offering value to consumers, which act as a source of 

income and combine the contributions of many companies interacting in the market (Третьяк 

and Климанов, 2016). 

Lukoil's business model is based on the principle of maximum vertical integration and adherence 

to the principles of sustainable development in order to create added value and ensure high 

business resilience in a changing macro environment through risk diversification. 

The business model of Gazprom Neft is based on the idea of vertical integration. Carrying out 

activities along the entire chain of the production process - production, refining, marketing of oil 

and petroleum products - ensures the stability of the company and allows you to increase 

efficiency in the future. 

Strategic directions for the development of digital transformation are formed based on an 

assessment of the company's digital maturity and taking into account the possibility of achieving 

target performance indicators in the following areas: a new business model; additional sources of 

income; new digital products and services; customer relationship management; efficiency of 

processes; supply chain management; personnel Management; financial management, 

procurement management (A.V. Savoskin, 2021). 

Rosneft implements the following areas to improve the efficiency of the company's business 

using IT: 

- improvement of the company's remote work mechanisms, including modernization of IT 

infrastructure, security of the mobile ecosystem, etc .; 
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- formation of a corporate store of basic digital applications for the implementation of 

digital scenarios in the company's processes; 

- digitalization of management and production processes at the company level based on 

artificial intelligence; 

- integrated implementation of digital technologies aimed at providing a single digital 

space for the company, including the transition to digital big data solutions; 

- formation of import-independent IT companies, including the introduction of their own 

developments; development of the company's corporate data processing center and the 

creation of a network of regional data processing centers, including the formation of 

protected reserve capacities in a geographically distributed design. 

Strategy planning horizons: 

- short-term - about 12 months; 

- medium-term - 3-5 years; 

- long-term - 10 years. 

4.1.3. Initiatives and roadmap 

This section includes blocks: Digital Initiatives - a detailed transcript and description of the 

directions of digital transformation presented in the previous section. It is recommended to 

choose initiatives based on their compliance with the company's strategy, the results of the 

monetary assessment of the generated effects (at the company and state levels), and 

infrastructural capabilities. Each initiative should be described according to the following 

structure: 

- purpose (tasks to be solved); 

- the amount of required investments and subsequent operating costs; 

- terms of implementation; 

- participants: the responsible subdivision, the involved subdivisions of the parent 

company and subsidiaries; 
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- key performance indicators in three planning horizons. At the same time, initiatives are 

classified into 2 groups: 

- initiatives for the development of digital infrastructure (requirements for IT 

infrastructure, data management systems and information security); 

- Initiatives for the development of digital solutions providers (selection criteria and 

assessment of resources required for the development and implementation of digital 

solutions). 

In the same section, it is advisable to describe the management system for individual initiatives, 

as well as a portfolio of digital transformation initiatives. In particular, it is required to regulate 

the mechanisms of selection, prioritization, launch (approval), planning, implementation and 

control over the implementation of initiatives. 

The digital infrastructure of Gazprom Neft is built as follows (Gazprom Neft, 2019): 

- Scientific and Technical Center of Gazprom Neft STC LLC - provides analytical, 

methodological and scientific and technical support for all key production and technical 

functions of the Exploration and Production Unit; 

- The Industrial Automation Technopark, created within the framework of the import 

substitution strategy, is a platform for research and development, experimental and 

industrial testing and the development of high-tech solutions in the field of automation of 

oil refineries. It includes centers for training, testing, development, data center, 

coworking (collective office) and communications center; 

- Technopark of corporate information technologies is designed to establish direct 

interaction between technology developers and manufacturers of IT equipment in the oil 

and gas industry. Gazprom Neft provides the participants of the KIT Technopark with a 

platform for approbation and testing of promising solutions and innovative technologies; 

- Gazprom Neft Innovation House - a cross-functional space for working on projects using 

new end-to-end technologies and data. Leading experts in machine learning, digital 

platforms, industrial Internet, blockchain technologies, augmented and virtual reality and 

other Industry 4.0 technologies work on this site; 

-  New Industry Venture Fund - invests in companies developing new materials, 

technologies, products and services for the oil and gas industry. 
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Import substitution measures aimed at the prevalent implementation and use of software and 

radio-electronic products of Russian production. In their annual reports, companies do not 

disclose suppliers of digital solutions, however, products from both Russian and foreign 

developers (sometimes consortia) are often used, which complicates the calculations. 

Considering the framework of digital transformation of a business model, measures for ensuring 

information security were classified into legal, organizational and technical and implemented by 

a separate division of the company. 

Lukoil considers information security activities in the context of protecting corporate 

information, ensuring the reliability, completeness and relevance of information from external 

sources, the safety of data from public authorities, personal data subjects, customers and 

partners. Information security services are provided to the organizations of the group by an 

internal IT service provider certified for compliance with the international standard ISO / IEC 

27001. In the field of information security, the following applies: 

provisions and regulations for the implementation of information security processes, such as 

managing access to information resources, handling information security incidents, managing 

mobile devices, organizing information security training; 

- requirements for setting up software and hardware for information processing, ensuring 

their information security; 

- instructions and guidelines for administrators and operators of information security tools; 

- instructions and manuals for users to ensure information security during the operation of 

computer and office equipment; 

- regulations for the production and provision of information security services, as well as 

agreements on their quality parameters. 

A roadmap for initiatives and events is a timetable for implementing a digital transformation 

strategy that takes into account the relationship between development and uniform use of 

infrastructural, human and financial resources, and also involves the calculation of intermediate 

values of key indicators of the effectiveness of digital transformation (will be discussed in detail 

below). 

A special tool for long-term development planning and use of digital transformation - digital 

technological vision - has been introduced at Gazprom Neft. It is formed on the basis of analysts' 
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materials, information on innovative projects for the application of digital transformation, 

scientific research and products of leading technology companies. The tool answers the 

following questions: 

- what is the “maturity” of digital transformation in terms of its real application; 

- what digital transformations are required by the company - now and in the future; 

- what technologies the company is ready to use, and what kind of readiness it is necessary 

to ensure; 

- what needs to be done to be ready for promising technologies? 

Within the framework of the digital technological vision, more than 700 promising scenarios for 

the application of digital transformation along the entire value chain of Gazprom Neft PJSC have 

been formulated. 

4.1.4. People, competencies and culture for digital transformation 

This section includes blocks: Digital transformation management structure: 

- establishment of a committee on digital transformation under the board of directors and 

approval of the composition, powers, frequency of meetings; 

- establishment of the position of a digital transformation advisor to the head (CEO); 

- establishment of new divisions and positions of the head of digital transformation (CDO / 

CDTO - Chief Digital Officer / Chief Digital Transformation Officer), description of job 

duties and powers. 

Russian Railways has created a Committee of the Board of Directors for Digital Transformation 

and Innovative Development, while the annual report does not disclose information about the 

specialized department. The opposite situation is in Gazprom Neft, where there is no information 

about the committee, but the position of Director of the Directorate for Digital Transformation 

has been established. 

 Model of digital competencies and staffing of digital transformation (Gazprom Neft, 2019): 

- model of digital competencies; 

- a list of specialties in demand in the digital economy and their description; 
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- Calculation of staffing requirements based on a portfolio of digital transformation 

initiatives (with a subdivision into the company's own human resources and outsourcing); 

- approach to attracting personnel (hiring, developing own personnel). 

Teaching digital skills and developing digital competencies for employees: 

- a brief description of educational programs (an information security program is required); 

- estimation of the number of employees who will undergo training by periods; 

- educational programs for leadership; 

- budget for education in the context of programs financed by their own funds of the 

company and on the basis of third-party institutions. 

Rosneft has organized measures to improve educational and methodological materials for 

corporate training of filling station / filling station personnel using digital technologies: a 

distance electronic course for personnel has been developed and implemented for the personnel 

"Standards and rules for the work of filling stations / filling stations employees"; based on virtual 

reality (VR) technologies, a simulation simulator “Receiving petroleum products from tank 

trucks at gas stations” was developed. 

Together with the International Center for Research and Development (ICID, Qatar), with the 

involvement of leading experts from the international market, an educational course “Digital 

transformation - a step into the digital era” was held for the IT block of the Company. 

On the basis of the Moscow State University. M.V. Lomonosov, the Rosneft Scientific and 

Educational Center for Digital Technologies in the Oil and Gas Industry was established at the 

Department of Geology and Geochemistry of Fossil Fuels of the Geological Faculty, and a 

specialized master's program “Digitalization in the field of geology of fossil fuels” was opened. 

Twice a year, Lukoil holds professional training days for all heads of the Group's organizations, 

where in 2020 they discussed issues of personal and corporate security risk management in a 

pandemic, digitalization, environmental safety and adaptation to work in new conditions. 

Gazprom Neft has created a corporate knowledge dissemination system that unites 250+ terms in 

the digital transformation glossary, which was created to unify terms within the company, and a 

knowledge dissemination system for all divisions, constant events to inform about digital 
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technologies and digital projects. To form expert communities on technologies within the 

company and interact with business units, competence centers have been created: 

- on machine learning and artificial intelligence; 

- virtual and augmented reality; 

- video analytics; 

- blockchain; 

- robotics and additive technologies; 

- unmanned technologies; 

- “Industrial Internet of Things”, wearable technologies. 

Russian Railways has created an institute of “agents of change” - employees whose activities are 

aimed at educating others, participating in digital change management activities, looking for new 

opportunities for organizing work, summarizing best practices and disseminating them in the 

company. A number of new educational programs to support digital transformation have been 

launched at the corporate university of the company - training in the design thinking 

methodology for creating digital services for passengers, cargo owners and employees of the 

holding. 

Management of employees of “digital” specialties: 

- hiring features; 

- conditions (work schedule and working conditions in the office); 

- career trajectories; 

- motivation (the relationship between reward and the achievement of digital 

transformation targets). 

Measures to develop digital culture and information security culture: 

- customer-oriented and product-oriented approaches; 

- work in conditions of constantly changing requirements (agile); 

- design thinking; 

- feedback services for employees; 
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- information protection. 

4.1.5. Digital Transformation Strategy Funding Model  

The funding model for a digital transformation strategy implies a description of the sources of 

funds, which includes the following elements: 

- own funds of the company; 

- bank loan for the purpose of digital transformation on market conditions; 

- soft loans and loans for digital transformation. So, for example, companies that have a 

digital transformation strategy agreed with the Ministry of Finance will be able to get a 

loan at a lower interest rate under the concessional lending program. 

- funds of digital solution providers; 

- non-state venture fund; 

- state venture fund; 

- government subsidies; 

- state project financing. 

Of the companies examined, only Gazprom Neft discloses the volume of investments in digital 

transformation: at the end of 2019, they amounted to 5% of the total investment program, or 

about 22.6 billion rubles. For comparison: Rosneft's R&D expenditures in 2020 amounted to 

26.8 billion rubles. 

4.1.6. Effects of implementing a digital transformation strategy 

It describes the development and calculation of key performance indicators of digital 

transformation for the company as a whole, individual divisions and initiatives, as well as a 

system of remuneration and sanctions based on their achievement. In addition, the effects 

generated by digital transformation must be assessed at the state level. 

Gazprom Neft has adopted a methodology for determining the economic effect of investment 

programs and digital and IT transformation projects, which is measured as a percentage of 

EBITDA - 3-5% of EBITDA annually starting from 2022 (the method itself is not disclosed).  
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5. Discussion 

In this chapter, we answered the questions of our research, and here we also discuss our results, 

correlating them with the existing literature. Here we consider our contributions to this work and 

how our findings and results can be of potential benefit. The last part of this chapter identifies 

the limitations of the area of our study, as well as perspectives for future study. 

5.1. Contributions in comparison to prior studies 

As a result of our research, we found the following. Practice has shown that digital technologies 

accelerate the creation and acquisition of value in a closed loop. The anticipated improvements 

in companies have been incorporated into that of their own processes. This has resulted from 

digital inventory management and more efficient material handling. But this is not limited to 

materials alone. You should always remember about the clients of the company. And even here, 

digitalization has made a difference - by expanding the knowledge base of the client and the 

material supplier, it has improved significantly. Figure 6 shows how digital adoption has 

contributed to value creation. 

 

Figure 6. Scheme on how digital technologies catalyze business model innovation 
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As mentioned above, the assessment of the effects of digital transformation can be carried out at 

two levels: 

- At the state level - often the main investor of projects. 

- At the level of the company that initiated the transformation. 

In the first case, the effects affect not only the economy (gross value added, new jobs, import 

substitution), but also the social sphere. At the company level, effects that are common to all 

companies, as well as specific to a particular industry, should be measured. Table 1 presents a 

list of indicators formed on the basis of this classification. 

Table 6. The system of indicators characterizing the effects of digital transformation 

 

 

Another principle for classifying effects is whether they are tangible or intangible. Whereas in 

the first case, the most often talked about productivity growth, creation of new jobs and an 

increase in tax revenues (Figure 2), in the second, such difficultly measurable categories as the 

impact of new educational products, the level of comfort, time savings, etc. appear. 
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Figure 7. Material effects of digital transformation shaping the growth of gross value added 

 

5.2. Implications 

Since in this work we operated on various literary sources, our contribution to the field of 

research has two branches. Firstly, the result of our research clearly confirms the fact that they 

are introducing digital technologies to optimize their work in various areas of their activities. We 

arrived at this conclusion by looking at company resource flows and value creation and capture 

using digital concepts (Alcayaga, Wiener and Hansen, 2019; Rosa et al., 2020; Uçar, Le Dain 

and Joly, 2020). Knowledge generation as a management practice was found to be a critical issue 

in supply chain and customer service, which was found and confirmed in this study. To optimize 

these functions, the company uses a set of enhancements using a variety of digital technologies 

and products. (Centobelli et al., 2020; Urbinati et al., 2020). From this study we found out, that 

as a managerial practice knowledge generation plays an irreplaceable role in the process of 

improvement (Centobelli et al., 2020). Generating knowledge also important in both the supply 

chain and customer interfaces of the business model, as it rationalizes the practices in these 

spheres (Urbinati et al., 2020). 
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Also, as part of our research, we determined how the circular business model changes when 

digitalization products are included in it. The degree of transformation of the business model is 

highly relevant aspect in the creation and capture of value. This fact was found when compared 

with the currently dominant point of view in the literature (P. P. Pieroni, C. McAloone and C. A. 

Pigosso, 2019). Assuming that radical business model innovation (Innovation in creating and 

capturing value) would result in a radical improvement in resource circulation, we expected this 

to be more likely to close the flow of resources. However, during the study, we did not observe 

this. We also mentioned above that data acquisition technology is an extremely important aspect 

now, but they are only catalysts for improvements both in increasing the efficiency of resource 

use and in creating and capturing value. More radical changes and improvements in both of these 

areas of activity can be facilitated by the introduction of technologies for data integration and 

analysis. Similar results lead to the fact that many researchers continue to discuss the relationship 

of business cyclicality with the ability of companies to improve when introducing different types 

of digital technologies while maintaining economic value (Pagoropoulos, Pigosso and 

McAloone, 2017; Alcayaga, Wiener and Hansen, 2019; Rosa et al., 2020). 

5.3. Limitations and further research 

The calculation of these indicators is based on existing methods and requires taking into account 

industry specifics. This can be considered in detail in the framework of subsequent scientific 

research, including the example of the companies considered in this work. 
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6. Conclusions 

In this work we tried to answer the question of how digitalization and digital transformation can 

improve the game of CE-based business model companies, and what are the limitations for this 

process? There was not a lot of systemized information on this matter. There’s no only one 

absolutely correct answer on every company and every model, nor there is a universal answer. 

The thesis considers the challenges and limitations which companies may and possibly will face 

while transforming digitally. 

Thus, the main objective of this research is to define what digitalization processes and methods 

could be useful in order to improve companies’ business models in a way of creating additional 

value off waste management. 

And following research questions were formulated in order to address this objective step by step: 

 Why implementing of digital innovations in CE-based business models beneficial? 

 What hardships and obstacles can such a business model face in the process of adopting 

digital systems? 

 How companies with circular business models solve these challenges?  

In the process of writing this paper we solved tasks in order to get answers to research questions: 

 Research the different approaches to the concepts of “circular economy business model” 

and “digitalization”, the ways of their interaction 

 Study the existing tools (products and services) for digital transformation; 

 Within the framework of the literature case study, analyze the case studies to find out the 

results and outcomes of digitalization. 

In the course of the research, approaches to the formation of a digital transformation strategy 

from the standpoint of theory and practice were considered. In the first case, the basis was the 

research of foreign authors, in the second - the annual reports of the leading Russian industrial 

companies. Despite the fact that the companies reviewed have been engaged in digital 

transformation projects for several years and have already achieved some success, in the Russian 

market this is more an exception than an established practice. The analysis showed that only a 
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few representatives of domestic business have developed and approved a digital transformation 

strategy.  

For companies that have already passed this stage, another problem is relevant - the poor 

development of the target indicators of the digital transformation strategy. Often, such KPIs are 

formal in nature and do not reflect the real effects generated by the implementation of digital 

projects. Moreover, the monetary estimate of the effects is often overestimated. Finally, 

intangible effects are hardly considered. As part of this work, the authors attempted to lay the 

foundation for creating a system of target indicators for digital transformation projects. It seems 

that further research in this area can be aimed at developing methods for calculating them and 

testing them on specific examples. 
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